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FOR EXAMPLE 


The Mohawk Carpet Company of Amsterdam, N. Y., 
uses General Electric Spectrophotometers for produc- 
tion control of raw stock dyeing to provide correct 
color values at a minimum of time, material and labor. 
An important component of this G-E instrument is 
Librascope’s Tristimulus Integrator which gives inte- 
grated numerical values to colors and makes the spec- 
trophotometer a practical production control tool. 
Since 1949 these units have served industry widely, 
providing another example of Librascope’s ability to 
manufacture components under rigid specifications. 
Consult Librascope for solutions to your precision 
equipment problems. 


Engineers in search of interesting assignments, security, 


advancement — contact Dick Hastings, Personnel Director. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


LIBRASCOPE.,. INC. * €@O68 WESTERN AVE GLENDALE CALIFORNIA 
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GEDA souves c 


FOR THE STEEL INDUSTRY or ANY INDUS- 
TRY! Set up your own problem —inject your own 
variables! 

GEDA — analog computing « juipment of advance 
design by Goodyear Aircraft—facilitates the analy- 
sis and solution of difficult control problems facing 
your industrial operations right now. 


ITS ADVANTAGES ARE MANY: 


Versatility—For example, the basic unit—the linear 
L3 GEDA—will accommodate two nonlinear plug-in 
units, in addition to its 24 stabilized computing 
amplifiers. The nonlinear GEDA, the N3, will 
handle 10 plug-in units. 


Accuracy—GEDA plug-in units—automatically and 
continuously stabilized — are noted for their elec- 
tronic accuracy. The GEDA stabilized electronic 
multiplier is the acknowledged leader in the field. 
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GEDA—T. M. Goodyear Aircraft Corporation, Akron 15. Ohio 


ONTROL PROBLEMS 


Easy To Use— Development engineers do not have 
to learn specialized mathematics in order to save 
time with GEDA, for this modern equipment 
delivers results in wave forms and voltages—forms 
with which engineers are used to dealing. 
GEDA offers a complete line — engineered against 
obsolescence; particularly suited to meet both your 
present requirements and possible future expan- 
sions. Why not let a GEDA 
representative show you how 
well GEDA can serve you? 


FREE CATALOG 
ON REQUEST 
Address: Goodyear Aircraft 
| Corporation, Dept. 931GX 
| Akron 15, Ohio. 
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MULTI-GATE—A Proven Data Transmission “Pipeline” 
for 


Control Engineers tell us the most ienpestell part of any 
remote supervisory control system is the “pipeline”—the means 
by which data is sent from control point “A” operating 

point “B”. And these same control engineegg tell us our 
MULTI-GATE Systems have proven themselvgg as compact, 
efficient, and dependable “pipelines.” = 


The MULTI-GATE system provides completeMon-off” or 
“raise-lower” control and report-back indicatidif of practically 
an unlimited number of remote switches for vaffes, pumps, 
lights, power transfer and other functions, as ggll as alarm 
indication. Pipelines, refineries, chemical plantsggrailroads, 
public utilities and many other industries are ing 
MULTI-GATE an efficient, money-saving tool. Alfheir control 
operations can be performed over a single 

communications circuit. 


When used with telemetering equipment, simultanéQus control 
and remote metering of such quantities as flow, temPtrature, 
pressure and electrical quantities are available overhe same 
circuit—radio, microwave, wire or carrier—because all 
operations are performed by audio tones. % 


The transmitter and receiver terminals pictured at th@fight 

are typical of Hammarlund MULTI-GATE equipment hese 

units, designed for a 42 function system (21 “on-off” 

operations), take little space and are x é * % 
readily accessible when mounted in Hammarlund’s systems 

a standard 19-inch rack. bd ENTRALIZED for completely con- % 


trolling and metering of 
For details write The Hammarlund 9 


& 

% 0 any number of remote 
Manufacturing Co., Inc., 460 West PERATIONS ~ ong llegliticmee 
34th Street, New York 1, N.Y. % 
Ask for Bulletin CC-4 x 


operation points 


Controt for efficiency, speed 


and economy. 
> (trademarks pending) 
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SHOPTALK FROM EDITOR TO READER 





DOC MASON HAD TO MAKE IT WORK 

Make what work? The midget oil refinery he ran with 
his own two hands, almost a quarter of a century ago. 
Visionary and prophet, inventor and teacher, Doc is an 
outstanding personality in industrial process control. With 
the sketch of his career and ideas in this issue, we begin 
“Control Personality” as a monthly feature. 


HOW MUCH DO YOU WANT TO KNOW? 


That's the question we the editors would like to ask you 
the reader every time we sit down to plan an article. Ob- 
viously, the answer dep ends cn who you are. If you're a 
process control engineer, you want full details on some 
facet of valve design. But you might be satished if you got 
only the general ides in an article on airborne computers. 

We can’t slant ev ery article for every reader. No maga- 
zine can. So we've hit upon another plan. You may have 
noticed our “parallel approach” to several articles. A fast- 
reading summary—often labelled THE GIST—appears 
near the headline, isolated from the rest of the text. This 
paragraph is not just an abstract. Rather, it’s intended to 
give you a general idea of the subject and its importance 
to you. If you want details, they're there in the main part 
of the article. 

We realize you plow through a lot of journals to keep 
up with your field. And we hope this device will help you 
screen ConTroL ENGINEERING so you can get the most 
benefit from our magazine with the least fruitless effort. 

Let us know if you see ways we can handle this parallel 
approach better or carry it further. 


1955 OUTLOOK SURPRISES ECONOMISTS 


At first glance next year’s industrial outlook, surveyed 
in the “What’s New” section, appears gloomy. But the 
McGraw-Hill economists who prepared the report say it 
looks better than they had expected. In fact, some indus- 
tries that buy a lot of control equipment plan to increase 
capital spending. And 1956 prospects look even brighter. 
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PEGASUS Madel 120 
ELECTRO-HYDRAULIC 
SERVO VALVE 


The sensitive, flexible control of electronics 
and the compact power of hydraulics are inte- 
grated in the Electro-Hydraulic Servo System. Natural Frequency 

The Model 120 Electro-Hydraulic Servo 300 cycles per second 
Valve, shown above, is a key element in such Operating Pressure (maximum) 
systems. When combined with its amplifier 
and an instrumented actuator, such as the 
Model 122 Rotary Vane Actuator or the 
Model 123 Linear Ram Actuator, a complete, 
packaged system results. When combined 
with the Model 127 Power Stage Valve and @ Si 1%" x1%e" x9" 
an instrumented industrial ram, a large, high- EL SR en Fs 1.5 pounds 
power system results. 

Pegasus Laboratories specializes in the Write for more information on these highly 
design, manufacture, application and service adaptable units and the service offered by 
of these control systems for industry. Pegasus Laboratories in this field 


SPECIFICATIONS 


Input differential current (maximum) 
30 milliamps 


Maximum Horsepower. . .2 horsepower 


Flow Rate (at maximum horsepower) 
8 cubic inches per second 


= EGASUS LABORATORIES, INC. 3690 Eleven Mile Rd., Berkley, Mich. 


DESIGN AND MANUFACTURE OF ELECTRO-HYDRAULIC SERVOMECHANISMS 








Model 121-A Model 122 Model 123 Model 127 Model 117-C Model 108-E 
Power Unit Vane Actuator Ram Actuator Power Valve Amplifier Amplifier 
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| FEEDBACK 


Men Who Know Men as a Servo 


To tHe Eprror— 

With reference to “Man as a Servo 
Component” which appears on page 
58 of Volume 1, No. 2, it is only fair 
to the many workers in this field to 
point out that this has been the sub 
ject for serious study by many people 
over a period of many years. A far 
from complete list of those who have 
obtained important results includes 
such names as Phillips, Russell, Ragaz- 
zini, Tustin, Elkind, Wallston and 
Warren, Krendel, North, etc. 

One of the earliest studies was de- 
scribed by R. S. Phillips in a Radia- 
tion Laboratory Report (MIT) #453, 
November 3, 1943. It appears in book 
form in “Theory of Servomechanisms” 
by James, Nichols, and Phillips, Mc- 
Graw-Hill, 1947, New York. Also in 
book form is North’s paper which ap- 
pears in “Automatic and Manual Con- 


LARGE INSTALLATION ' P e see oe ee Academic Press, New 
H. L. Platzer 
This large computer is used for the rapid solution of aero-dynamic problems The Franklin Institute 


pes 9 Sige ae 
It consists of 50 operational amplifiers, 10 servo multiplying channels, 4 resolving Philade Iphia 3, Pa. 





channels, and a control console with two pre-patch bays, 156 attenuators, two 


voltmeters, and all necessary operational controls 


Getting Read Around the World 
SINGLE PACKAGE COMPUTER aaaeee' To tHe Epiror— 


I received the first issue of Conrro1 
ENGINEERING which you kindly sent 
to me. I am very glad to find an ar- 
ticle on my frequency-response slide 
tule on page 85, and I have no words 
to express my gratitude for . . . intro- 
ducing my tiny work in such a wonder- 
ful publication. 

I should like to share this issue with 
my colleagues and my students. The 
wide variety of articles must be cap- 
able of filling up a gap in our broad 
field. I expect you . . . successfully es- 
tablish so-called optimum settings of 
gain, derivative time, and integral time 
of our Control Engineering and get a 
PLOTTING EQUIPMENT good control pattern without offset. 

Keisuke Izawa 

Assistant Professor 

Tokyo Institute of Technology 
Tokyo, Japan 


Our Type 16-31R Computer is a single package 
computer capable of solving differential equations with 
many simultaneous elements which are often encountered 
in the simulation of dynamic systems. It contains 20 
operational amplifiers, 4 servo multipliers, thirty-two 
attenuators, all-metal removable problem board, and 
complete control panel. 








For presentation of problem solutions, 
the Variplotter Plotting Boards provide an 
accurate inked record. Typical uses include 
the automatic plotting of: Anolog Com- Several readers have inquired where to 
puter output; guided missile data; engine get Professor Izawa’s unusual slide 
performance characteristics; and control of rule. The U.S. distributor is Frederick 
manufacturing processes. With accessory Post Co., 3650 North Avondale Ave., 


sii alacant, Wiad Cicer diiiainitenes equipment the range of applications can Chicago 18, Ill. Address all requests 


in Philadelphia Dec. 8-10 and our booth at the be greatly extended. to Mr. Jack Post.—Fd. 
first International Automation Exposition, New 
York City Nov. 29-Dec. 2"’ 








Write Dept. CE 


Refinement for Solving Cubics 
weerral ELECTRONIC ASSOCIATES INC 


Leenpdonsitii lo THE EpitorR— 
LONG BRANCH ° NEW JERSEY | Common servo and computer prob- 
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lems involve cubics in which the co- 
efficient of x* ranges up to extremely 
large values. Construction of a nomo- 
graph such as suggested which would 
cover all cases becomes impractical. 
However, by making the substitution 
suggested below, one curve will cover 
all cases, thus making the nomograph 
a practical tool. 

In the general cubic x* + ax* + 
bx + c = 0 substitute v = x/a. Thus 


the equation becomes: a’ v’ 
abv+c=0. 
; bv 
or FEF + 
a 
Thus the coefficient of the squared 
term can always be unity. Having this 
equation, the roots can be obtained in 
the manner explained in the reference 
article. The roots obtained, of course, 
will be in terms of v and must be con- 
verted back to x. 
John W. Gillings 
Whittier, Calif. 





CAN YOU SOLVE THESE PROBLEMS? 


As promised last month, we're starting in this issue a 
problem exchange. Here are two to test your ingenuity. Send 
in your solutions, and we’ll print the best. And don’t forget 
to submit your own problems. Remember, the most chal- 
lenging problems and the cleverest solutions earn cash prizes. 





Suction 





Controller 





Discharge 


























PROBLEM 1: How to anticipate 
abrupt viscosity change in pipelines. 

A petroleum pipeline transports sev- 
eral grades of crude. The schematic 
shows the throttling-control system 
for an unattended booster station 
Viscous sour asphalt crude is pass- 
ing through the station. A front of 
low-viscosity sweet crude approaches 
the station, right behind the sour 
crude. Needed: a means of signalling 
that a front approaches and a rough 
measurement of the viscosity change. 
The measurement will elevate the con- 
trol point (reference) of the suction 
pressure ahead of the time that the 
front arrives at the pump. Conversely 
the measurement will lower the suc- 
tion control point when the crude 
changes from sweet to sour. The re- 
duction must take place so that the sta- 
tion handles the increased load with- 
out a motor-current surge or a precipi- 
tate drop in suction. 
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PROBLEM 2: How to 
whidget production. 

Associated Anti-Gravity, Inc., is en- 
gaged in the production of automatic 
whidgets for which there is a constant 
but fluctuating demand. It is the 
policy of the sales department to 
compare the daily production with the 
daily demand and issue orders to the 
shop for K times as many whidgets 
as the difference between demand and 
production. Because of “‘channels’’ it 
takes two days for the orders to reach 
the shop. The shop response to the 
order can be described by the transfer 
(p + 1) 
(p + 3) where time is in days. 

1. Can this be a stable system? 

2. If so, for what values of K is the 
system stable? 

3. Would measuring the rate of 
production improve stability? 

4. What is the bandwidth? 


schedule 


function, and this is 


Multi-Pole 
Commutators 


Precision, rotary, electro-mechanical 
switching unit with precious metal 
contacts for long life, low noise, trouble- 
free operation. Contact cleaning device 
extends life, permits low level switching 
in some applications, Multi-pole units 
with any number of contacts can be 
furnished. Switching can be “make 


before break” or “break before make?’ 


Torque: 2 oz. in. or les 
Weight: 4 oz. Will withstand 50G a 
celeration and operate within 
specifications at 10G vibra 
tion from 55 to 500 cps 
Noise Level: Wil! not 
exceed 1 of 
full signal 
amplitude 


Motor driven model. DC 
governor-controlled constant speed 
¥ to 1800 rpm., or 
speed varies linearly w 
applied voltage. Other 
drives available. 


Giannini 


Product of Electromechanical Division 
EAST ORANGE, NEW JERSEY 


for information write 
G. M. GIANNINI & CO. INC. 
PASADENA 1, CALIFORNIA 


























Here’s a confidence man you can trust 


~ 


His confidence is in control—the complex, automatically 
timed control of program and sequence. It makes him 
complete master of the vast processing operation 
underway before him. He knows the engineered 
performance is taking place as scheduled—unmarred by 


human fallacy or fatigue . . . unaffected by judgments less 1. High speed hydraulically oper 















: : ted motor valve 
than perfect, by skills unlearned, by fallible hands, by lapses d : se r valves 
of attention. He knows that flow and level are on the 3. Air operated motor v 
4. Three way magnetic vaive 


mark, pressure perfect, temperature pin-pointed, timing 
true to the split-second operation—all automatically. 
And the famous red shield of General Controls on the 
automatic devices which make this miracle of technology 
possible is his assurance that everything is under control— 
always, in all ways. He is confident—and you 

can trust his confidence! 


GENERAL CONTROLS 


Glendale, Calif., Burbank, Calif., Skokie, II. 


Manufacturers of Automatic Pressure, Temperature, Level 
and Flow Controls for Heating, Home Appliances, 
Refrigeration, Industrial and Aircraft Applications, 


FACTORY BRANCHES IN 38 PRINCIPAL CITIES 
See your classified telephone directory 
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DOC MASON 
had to make 


Clesson E. Mason could not afford to hire an 
operator for the small gasoline plant he owned and 
operated in Oklahoma after serving as a pursuit 
pilot in the U. S. Army Air Service in World War I. 
"Way ahead of today’s much-heralded automatic 
factory, he had to coax crude control systems into 
automatica!ly maintaining the desired plant condi- 
tions. His entire “‘staff’ consisted of his own two 
hands, a creative mind, and a doubt of traditional 
control practice. 


He bought up all the cultivator 
springs in Oklahoma 


At that time, most people in industrial process 
control considered control valves just so much cast 
iron and did not worry about their performance. 
Not so Doc. His independent observations showed 
him that the valve diaphragm motors were under 
powered, so he increased their operating-pressure 
range. Unable to get the proper springs from the 
valve manufacturer, he tried a spring from an Inter- 
national Harvester cultivator. It worked so well 
that he bought up the entire supply of these springs 
in Oklahoma. 

Reasoning that the existing on-off controllers 
were making over-large corrections and causing oscil- 
lations, he “damped” them and in so doing devised 
the first wide-proportional-band pneumatic control- 
ler. He made his modifications with rubber bands, 
corset stays, and some simple changes in the nozzle 
circuit of the controller. When it became apparent 
to him that the control valves would not throttle 
over a large enough range to satisfy the plant demand 
changes, out came the brazing torch and hand file 
to produce the valve contour which Doc found 
would give the wide-range throttling action he 
needed. He went on later to devise a controller with 
pneumatic feedback, which in turn led to his inven- 
tion of pneumatic reset (time-integrating) action. 

His contributions to industrial progress through 
invention and research in automatic control were 
recognized in 1940 when a committee of the Na- 
tional Association of Manufacturers named him a 
Modern Pioneer. ‘he American Society of Mechani- 
cal Engineers presented the 1950 Industrial Instru- 
ments and Regulators Division Award to him in 
recognition of his developments in control, which 
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it work 


Doc Mason says this of his famous teaching aid: “Practical 
experience, the best teacher of automatic control, takes time. 
Guided use of the Control Demonstration Panel can telescope 
years of experience into days.” 


have not been basically improved since he conceived 
them in the early twenties. 


When theorists talk, Doc insists: 
‘‘Let’s put numbers to it’ 


For many years Doc has been the center of tech 
nical discussion groups. He insists, “Let’s put num 
bers to it” each time someone proposes a new control 
theory. He cautions, “The basic mathematics of 
idealized controller mechanisms is a good back 
ground, and I strongly recommend it for that pur- 
pose, but it alone does not furnish the necessary 
knowledge of how these mechanisms behave as a 
part of a closed-loop system which involves a com 
plete process or a system with dead-time.” 

After more than twenty-five vears of direct em 
ployment by industrial instrument manufacturers, 
Doc has divorced himself from manufacturers’ imme 
diate problems and returned to his home town, 
Marietta, Ohio. There he maintains the headquar 
ters of his consulting business. 















WHAT'S NEW 
































1 
HOW INDUSTRY'S PLANS FOR CAPITAL SPENDING 
IN 1955 COMPARE WITH 1954 SPENDING 
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U.S. Industry to Spend Less in 


McGraw-Hill Economists Survey Business Plans for New 
Plants and Equipment. Find Capital Outlays Scheduled 
for 5 Per Cent Less than in 1954. 


U. S. Industry, as a whole, plans to 
cut its capital-expenditures budget 
next year—but not so drastically as 
many business men had predicted. Ac- 
cording to a survey just released by the 
McGraw-Hill economics department, 
the 1955 outlay for new plants and 
equipment will be $20.7 billion. ‘This 
represents a 5 per cent drop from the 
estimated 1954 figure of $21.8 billion. 

As indicated by the chart above, the 
cuts will vary from industry to in- 
dustry. In fact, in some fields spend- 
ing will increase. 

Break down the major industrial 
classes, and a wide range of plans 
appears. Stone, clay, and glass compa- 
nies—all included in chemical process- 
ing—plan actually to increase their cap- 
ital spending by 23 per cent next year. 
Included in metalworking, the auto- 
mobile industry is investing a record 


$1,350 million this year, but expects 
to cut sharply to $811 million in 1955. 
The explanation: 1954 was a big year 
for model changes at all major com- 
panies, who spent exceptional amounts 
for new tools and body dies. 

The war-and-peace cycle, starting 
with the Korean outbreak, seems to 
have ended, the survey notes. “In gen- 
eral, capital expenditures by the de- 
fense industries show a tendency to 
level off after coming down from the 
peak of their defense expansion.” 

The petroleum industry is “the only 
major nonmanufacturing industry fully 
covered by this survey that anticipates 
a higher level of capital spending in 
1955.” Close scrutiny shows that al- 
though spending for refining and 
transportation will decline, this figure 
will be more than offset by a 7 per 
cent increase for capital equipment to 





1955 


produce crude oil. 

The annual McGraw-Hill survey 
does not usually cover commercial es 
tablishments. But this year it included 
a sampling of major chain and depart 
ment stores. The indication was that 
the stores will substantially increase 
capital spending in 1955. 

Looking ahead, the survey finds in- 
dications that capital spending by 
manufacturing companies may level 
off in 1955, ending the decline that 
started late in 1953. A majority of 
manufacturers plan to invest as much 
in 1956 as in 1955. And just as many 
expect to increase capital spending in 
1956 as expect to reduce it. Past sur- 
veys show that companies tend to 
underestimate their capital spending 
for more than a year in advance. 

The sales picture is brighter still. 
Industry is “overwhelmingly optimis- 
tic” about its sales outlook for 1955. 
Among all the fields surveyed, only in 
transportation equipment, machinery, 
and steel did fewer than half the com 
panies anticipate a sales pickup. 

Admittedly, the survey does not re- 
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flect hard and fast budgets. Most of 
the companies that responded had not 
crystallized their plans by October 
when they replied to the economists’ 
questionnaire. But those that cooper- 
ated form a significant cross-section. 
Collectively they employ more than 
60 per cent of all workers in the group 
of industries where capital spending 
is highest. 


MIT Dedicates New Lab 
To Karl Compton 


MIT has put up $3 million to build 
new laboratories named for the late 
Karl ‘Taylor Compton and dedicated 
to education and non-secret research 
in electronics and nucleonics. Another 
$3 million has been set aside to fi- 
nance unrestricted research in these 
fields. 

In announcing the plans, MIT’ pres- 
ident Dr. James R. Killian, Jr., re- 
called: ‘““T'o an extraordinary degree, 
Dr. Compton foresaw and helped to 
demonstrate the limitless ways in 
which science and technology may 
advance and stabilize our economy, 
promote our health and well being, and 
buttress our security. We are confi- 
dent that these new facilities, which 
will so largely strengthen MIT’s edu- 
cation and fundamental research in 
these two areas of the physical sciences 
will be seen a fitting memorial to 
MIT’s ninth president.” 








Experimental model consists of high-speed punch and completely transistorized computing unit, with printed circuits shown at right 


DECEMBER 1954 





WHAT’S NEW | 


Transistors Simplify New 


IBM Experimental Computer 


Computers are going to look dif- 
ferent. That was clear to visitors who 
swarmed through IBM’s new Pough- 
keepsie, N. Y., research laboratory. 

Prime evidence was a compact ex- 
perimental model (see cut) in which 
transistors had replaced conventional 
vacuum tubes, and printed circuits 
had eliminated snarled wiring. ‘The 
revolutionary computer performed at 
about the pace of IBM’s popular 604, 
which is twice as large. But the new 
model drew only 300 watts—no more 
power than many people use to light a 
living room, and only 5 per cent as 
much as the 604. Gone was the need 
for a bulky power supply and air blow- 
ers to cool sweltering circuits. 

More than 2,200 transistors had 
quietly and efficiently shouldered aside 
1,250 vacuum tubes. 

I'he new computer concretely dem- 
onstrated the trend toward simplicity, 
but even more exciting to many who 
visited the new U-shaped _ red-brick 
building were two other develop- 
ments. IBM engineers showed off a 
variety of tiny ferrite cores—shiny 
black ceramic doughnuts, some as 
small as «x in. OD. These will master 








the major memory unit in the com- 
pany’s new 705 data-processing ma- 
chine. Mounted in square arrays, the 
cores can each store one bit of infor 
mation indefinitely and recall it in a 
few millionths of a second. 

More futuristic still were barium 
titanate memory crystals. A sliver $ in. 
square can store as much information 
as a bank of 256 vacuum tubes. Such 
a crystal works as follows. One set of 
parallel lines is etched on the top sur 
face; at right angles to them, another 
set is etched on the bottom. Then the 
surfaces are gold plated. A voltage 
through one of the top lines and one 
of te bottom ones biases the material 
along a vertical line, which represents 
one projected intersection of the two 
sets of lines. ‘he barium titanate re 
tains this bias until it is changed or 
neutralized by another voltage. ‘lhus, 
depending on its direction, the bias 
can represent “on” or “off,” “yes’’ ot 
“no,” “zero” or “one,” or any other 
bit of information expressable in the 
logic of either-or. 

The era of the general-purpose, 
desk-drawer digital computer seemed 
near at hand. 
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Phototheodolite: 1 ft. error at 10,000 ft 


Swiss Missile Tracker 
Features High Accuracy 


Anyone in the market for a photo- 
theodolite should check with Oerlikon 
Tool & Arms Corp. of America, Ashe- 
ville, N. C. The company is handling 
a Swiss-made instrument that records 
time, position, and attitude of guided 
missiles and aircraft on 35 mm film 
at 10 or 30 frames per sec. 

Since dynamic accuracy of the the- 
odolite is sharper than .1 mil, the 
tracker has an error of less than 1 ft 
at 10,000 ft. In multiple installations, 
the instruments are controlled and 
synchronized by a master station. 


COMPUTER NOTES 
Aids British Missile Work 





Contrasting sharply with IBM’s 
compact experimental model (see 
previous page) is the Tridac. Recently 
installed at the Royal Aircraft Estab- 
lishment, Farnborough, England, this 
monster hogs 6,000 sq ft of floor 
space, contains 8,000 vacuum tubes, 
and consumes enough power to light 
a small town. 

‘Tridac, costing $2 million, is what 
its name indicates—a_ three-dimen- 
sional analog computer. It was de- 
signed to simulate guided missiles and 
high-speed aircraft. By performing 
tests on its electronic circuitry, instead 
of running actual test flights, engi- 
neers expect to make the big machine 
pay for itself quickly. ; 


Enters Railroad Field 





The Chesapeake and Ohio became 
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the first railroad to install a general 
purpose digital computer. For $25,- 
000 a month, the C&O has rented a 
Remington Rand Univac—the rent 
being applicable to the purchase price 
of approximately $1 million, should 
the railroad make up its mind to buy. 

The C&O, its president Walter J. 
Tuohy figures, shuffiles a billion pieces 
of paper a year. The Univac will be 
able to eliminate much of the han- 
dling. ‘Teletype messages, punched on 
paper tape, can for instance be fed 
directly into the computer at Cleve- 
land headquarters. 

Before rushing out to get the Uni- 
vac, the C&O assembled a “computer 
team” in August 1953. ‘These men, 
drawn from every phase of the com- 
pany, puzzled out how best to tie the 
computer into the railroad business. 
On the strength of their findings, the 
machine has been ordered for delivery 
in 1956, the earliest date Remington 
Rand could furnish one and as early 
as the railroad will be able to make 
efficient use of it. 


Keeps Stock Inventories 





Inventory can now be taken in a 
matter of minutes at General Elec- 
tric’s Carboloy Div., Detroit. A_ sys- 
tem based on IBM accounting ma- 
chines provides a daily stock-status 
report on approximately 2,500 finished 
items. The saving, it is estimated, will 
amount to about $20,000 a vear. 


Robert L. Sink has been elected chairman 
of the Institute of Radio Engineers’ Pro- 
fessional Group on Instrumentation. He is 
assistant director of engineering of Con- 
solidated Engineering Corp. 





“All right, so they do consent to build a nice new plans 
‘for us. How many jobs are there in modern factories?” 











Mirror or Windshield? 





From another branch of GE came 
shrewd and kindly words about com- 
puters. The talking was done by W. S. 
Smith, senior procedures analyst in 
the business procedures section of the 
company’s Louisville appliance works. 
Discussing the installation of an ex- 
tensive system built around a Reming- 
ton Rand Univac, Smith declared: 
“With a computer the accounting 
function, which has been primarily 
historical, can supply more than a 
rear-view mirror. It can provide a 
clean windshield and even some ability 
to see around the corner.” 


Gets Wind-Tunnel Information 





Convair will soon install an elabor- 
ate instrumentation and data-reduc- 
tion system in a Fort Worth, Tex., 
wind tunnel. Designed and con- 
structed by Consolidated Engineering 
Corp., the system will in two days give 
aeronautical design engineers as much 
useful test information as they have 
been getting in 45 days. 


Michigan Engineers Open 
Notebooks to Industry 


For $5,000 a vear, any company in 
the U.S. can tap the University of 
Michigan’s best engineering minds. 
The university’s College of Engineer- 
ing has started an Industrial Program 
designed to channel to industrial sub- 
scribers information on the college’s 
hottest engineering and scientific ac- 
complishments. Minimum subscrip- 
tion is for three years. 
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The men who have started the pro- 
gram estimate that each year faculty 
members and the student body grind 
out from 10,000 to 13,000 pages of 
original research data. Much of this 
material does not get published for a 
vear or more. But the Industrial Pro- 
gram will rush all this valuable infor- 
mation to its subscribers with as little 
delay as possible. 

In addition to summarizing current 
research and development and dis- 
tributing technical reports, bulletins, 
etc., the program will feature special 
meetings and symposia. Industrial rep 
resentative will be able to gather at 
the college to discuss pressing prob- 
lems in their fields. 

A pamphlet describing the program 
is currently being distributed, and two 
special bulletins are already in the 
works. One is a comprehensive survey 
of industrial activity in nuclear engi- 
neering. The other is a manual of 
welding techniques, materials, and de- 
velopments. Future reports, preprints, 
and meetings are scheduled to cover 
high-temperature metallurgy, combus- 
tion, computer design and applica- 
tions, fluid mechanics, electronic in- 
strumentation, acoustical measure- 
ments, and petroleum. 

For further information about the 
Industrial Program, write Dean 
George C. Brown, College of Engi- 
neering, University of Michigan. 


Around the 
Business Loop 


> Elgin National Watch Co., intent 
on diversification, shouldered into the 
West Coast electronics field with the 
purchase of Neomatic, Inc., Los An- 
geles. The new acquisition gives Elgin 
a grasp of miniature electronic com- 
ponents. These, vice-presidents W. M. 
Brandes expects, will help handle 
highly critical military problems, par- 
ticularly the development of miniatur- 
ized electronic controls. 

“In our experience,” Brandes ex- 
plained, “most complex mechanical 
problems involving miniaturization 
and high precision can be solved using 
design and production — techniques 
used only by the jeweled watch in- 
dustry. By combining this technology 
with Neomatic’s experience in elec- 
tronics, we can provide a type of 
facility never before available on the 
West Coast.” 
> Magnavox has opened a new lab- 
oratory in Los Angeles for research 
and development on digital comput- 
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ers. Heading the work will be Dr. 
Ragnar Thorensen, formerly with the 
National Bureau of Standards’ Insti- 
tute of Numerical Analysis at the Uni- 
versity of California of Los Angeles. 
> A third expansion in the Los An- 
geles area is Ramo-Wooldridge’s new 
Guided Missile Research Div. Asso 
ciate director is Dr. Louis G. Dunn, 
former head of the CalTech jet pro 
pulsion laboratory and of the Army’s 
“Corporal” missile development pro- 
gram. Director of the new division's 
aeronautics and structure staff is Dr. 
Milton U. Clauser, chairman (on 
leave) of the Purdue University School 
of Acronautics. And director of guid- 
ance and control is Dr. James C. 
Fletcher, who formerly headed the 
theory and analysis department at 
Hughes Aircraft’s guided missile re 
search laboratory. 

> International Resistance Co. has 
bought Van Dyke Instruments, Inc., 
St. Petersburg, Fla. Van Dyke makes 
precision potentiometers. 

P Argonne National Laboratory an 
nounced contracts for the Experi 
mental Boiling Water Reactor, which 
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will be part of the Atomic Energy 
Commission’s five-year program aimed 
at competitiye electrical power from 
nuclear fuel. Sargent & Lundy, Chi 
cago, has been selected architect-eng)- 
neer. And Allis-Chalmers Mfg. Co. 
will design, develop, construct, and 
instal! power-generation, heat-transfer, 
and special power-cvcle equipment. 
PSahlin Engineering Co. opened a 
new plant in Birmingham, Mich., that 
will house automatic research and ex 
perimental activities. Among the 
equipment installed in the new build 
ing are shect-metal transfer machines 
that take stampings from an unloader, 
turn them over, and move them to the 
next press. 

> Tclecomputing Corp. broke ground 
for a $600,000 tilt-up concrete factor 
in North Hollywood, Calif. 

Pm Assembly Products, Inc., is moving 
into larger quarters in Chesterland, 
Ohio. A novel feature of its new 
building is the air-conditioning. Fresh 
air will be pumped in from the shade 
of a nearby forest. Only on summer's 
hottest days will the company turn 
on artificial cooling. 














Sahlin Engineering installed automatic equipment for research on transfer machines 


Stidh | sar: sans 





WHAT’S NEW 





Lawrence Hyland takes over Hughes post 


Important Moves 


By Key People 


> Lawrence A. Hyland is the new vice- 
president and general manager of 
Hughes Aircraft Co. He was a founder 
of Radio Research Co. and its presi- 
dent from 1932, until it was bought 
out by Bendix Afiation Corp. in 1937. 
Joining Bendix" as manager of the 
radio division, he became an executive 
engineer in 1943, vice-president in 
charge of research in 1950, and vice- 
president in charge of cenginecring 
just last year. 

Mr. Hyland has been particularly 
active in national defense as a member 
of the Aeronautic Steering Com- 
mittee, Department of Defense; Ad 
visory Board, Argonne National Lab- 
oratory; and the Guided Missiles 
Committee, Research and Develop- 
ment Board. In 1952, in recognition 
of his service, he was awarded the 
Navy’s Gold Medal for Distinguished 
Public Service. 
> Gen. Walter Bedell Smith, imme- 
diately after resigning as Under Sec- 
retary of State, was elected vice presi- 
dent of American Machine & Foun- 
dry’s board of directors. Board chair- 
man and president Morehead Patter- 
son testified: ‘““We are extremely for- 
tunate to have enlisted the great ad- 
ministrative know-how of General 
Smith in our rapidly growing com- 
pany. He will actively bring to bear 
on our immediate day-to-day operating 
problems as well as our long-range 
policy planning the unsurpassed judg- 
ment and experience with which he 
has served our country for over 40 
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Gen. Smith: Warrior, diplomat, executive 


Nathaniel Nichols moves up at Raytheon 


vears in high civilian and military 
posts.” 

> Clifton T. Foss is now assistant gen 
eral manager of Arma Div. of Amer 
ican Bosch Arma Corp. A veteran of 
21 years at Arma, he continues as vice- 
president-engineering of the division, 
which is busy with missile-control and 
weapon-control systems, navigation 
systems, and precision industrial-con 
trol systems for the Armed Forces and 
the Atomic Energy Commission. 

> Stephen A. Keller is general manager 
of Minneapolis-Honeywell’s newly ac- 
quired Heiland Div. He was general 
manager of Honeywell’s Valve Div., 
where Marshall B. Taft succeeds him. 
> Nathaniel B. Nichols, manager of 
Raytheon Mfg. Co.’s research divi- 
sion, has been named assistant vice- 


Clifton Foss is new Arma vice president 


Raymond Sanford retires after 44 years 


president. Widely known for his work 
on servomechanisms and electronic 
control, Nichols has been with Ray- 
theon since 1951. He is largely re- 
sponsible for Raytheon’s transistor pro- 
duction methods, and has done im- 
portant work on ultrasonic cutting and 
machine-tool control. 

> Raymond L. Sanford has retired 
after 44 vears with the National Bu- 
reau of Standards. As assistant chief 
of the bureau’s Electricity and Elec 
tronics Div., he has become world 
famous for his work on magnetic 
measurements. Particularly notable 
are his non-destructive methods for 
testing ferrous materials, including 
elevator cables and prison bars. 

> George M. Cleary has been ap 
pointed chief engineer of Precision 
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OUTMODES ALL OTHERS 


for Throttling Control Service 


... CONOMOTOR 


Conoflow is unbiased in evaluating the relative merits 
of the Cylinder Conomotor over spring-and-diaphragm and 


springless diaphragm motors. Conoflow makes all three. 
But look at the chart below . 


...in weight ... in compact size... 


in speed of operation .. . stem travel... and thrust. 


.. There’s not merely an “edge”, 
but a wide margin of superiority in the Cylinder Conomotor 




















No other operator surpasses it for positioning accuracy 

and stability of operation. Diaphragm breakage is eliminated 
and maintenance is greatly reduced. It’s easy to convince 
yourself. Just try one or several ... and you'll standardize 
right down the line on Conomotor Series LB Control Valves. 


(COMPLETE DETAILS IN CATALOG LB-1) 


MODEL 




















Spring & Diaphragm 


Motor 


B-12-T Springless 
Diaphragm Motor 





PISTON OR 
DIAPHRAGM AREA 





< 


50 square inches 





THRUST 


750 lbs. 


1250 lbs. 





STEM SPEED 


12 seconds 


10 seconds 





TRAVEL 


gd 


134" 





MAXIMUM 
SUPPLY PRESSURE 


30 psi 


30 psi 





WEIGHT 


45 lbs. 


45 Ibs. 
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1134” dia. 


1634” height 





1114” dia. 
1434” height 


one}, Te} a ie)’ Miorel i 1¢) 7 wereld, 


FOREMOST MANUFACTURERS OF FINAL CONTROL ELEMENTS 


2100 ARCH-STREET,- PHILADELPHIA 3, PA. 
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Thermometer & Instrument Co., 
Philadelphia. A former physics in- 
structor at Bucknell University, Cleary 
comes to Precision from Leeds & 
Northrup Co.’s research and develop- 
ment section. 

> G. M. Giannini & Co. has two new 
officers: J. Murray Wilson, vice presi- 
dent and treasurer, and Edward H. 
Hughes, assistant secretary. 

> Control Instrument Co. of Brooklyn 
has named John J. Hyland chairman 
of the board, a newly created post. 
Hyland was founder and president of 
the company, which was purchased in 
1951 by Burroughs Corp. 


Fractionator can handle two at a time 


Bedside Blood-Splitter 
Features Automatic Control 


Some of the shrewdest medical re 
searchers look to blood-fraction analy 
sis for a new precision in diagnosis and 
prognosis. Plasma, globulins, plate- 
lets, and other bodies and proteins in 
the needle for extracting blood; an ion- 
many disorders. 

This school of medical thought is 
enthusiastic about the new automatic 
blood fractionator, developed by Ar- 
thur D. Little, Inc., engineers from 
the research of the late Prof. Edwin 
J. Cohn, Harvard protein chemist. 

The 400-lb machine has two major 
working units. A donor kit contains 
the needle for exacting blood; an ion- 
exchange column or a bottle of cit- 
rate solution to prevent coagulation; 
a drip chamber to gage blood flow; a 
plastic diversion bag for collecting 
small additional sample (e.g., for Was 
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sermann testing); and a disposable 
plastic tube in which blood is chilled. 
The other is a centrifuge bowl. 

Controls regulate centrifuge speed 
and also the refrigeration system that 
keeps the blood from deteriorating. 

The two centrifuge spindles are in- 
dependently driven by universal mo- 
tors. The output of a Variac deter- 
mines their speed up to 6,000 rpm 
which registers on a built-in perma- 
nent-magnet tachometer. ‘The opera 
tor closes the loop by keeping an eye 
on the tachometer reading and _ ad- 
justing the variac accordingly. 

The fully automatic refrigeration 
system is more complex. It is an air- 
cooled freon-vapor compression type, 
adjustable within a range from minus 
5 to plus 15 deg C. Both the bath and 
the air circuits are in parallel. Expan 
sion valves lower the temperature of 
the compressed freon. The smaller 
thermal load is in the bath, and its 
temperature is controlled by a back 
pressure regulator. That is, the pres- 
sure of the freon in the bath circuit 
stays constant, regardless of the suc- 
tion and head pressures at the com 
pressor. The expansion valve in the 
air circuit is thermostatically control- 
led and is wired to the compressor so 
that when the temperature falls low 
enough, the compressor shuts down. 


Wins John Scott Award 
For Magnetic Recording 


Marvin Camras, inventor of modern 
magnetic recording, will get the John 
Scott award for scientific achievement. 
lhe 38-vear-old senior physicist at Ar- 
mour Research Foundation will re 
ceive $1,000, a copper medal, and a 
scroll from the city of Philadelphia, 
trustee for the 138-vear-old award. 

Camras’s work, now prominent in 
radio broadcasting, motion pictures, 
home music reproduction, computers, 
office dictation machines, and many 
other places, began in his room at the 
Illinois Institute of Technology, when 
he was a 22-year-old student. Out of a 
tangle of borrowed piano wire, coils, 


and tubes, the inventor evolved the 


first practical wire recorder. 

The John Scott award was estab 
lished with the $4,000 legacy of an 
obscure Scottish chemist, who stipu 
lated that the income “be laid out in 
premiums to be distributed among in 
genious men and women who make 
useful inventions.” ‘The fund has 
grown to $110,000, with awards being 
made periodically to such outstanding 
persons as Thomas Edison, Marie 


Camras joins a great historic brotherhood 


Curie, Orville Whght, Guglielmo 
Marconi, and Alexander Fleming. 


ISA Elects New Officers 


Warren H. Brand has been elected 
president of the Instrument Society of 
America, to take office Jan. 1. He is 
director of engineering and research 
at Conoflow Corp., Philadelphia. 

Chosen at the same time for two 
vear vice-presidential terms were A. A. 
Anderson and W. H. Fortney. Mr. 
Anderson is owner and president of 
Swissomatic Products and __ several 
other Southern California firms. Mr. 
Fortney is assistant superintendent of 
maintenance and _ construction at 
Humble Oil & Refining Co., Houston. 


Warren Brand named ISA president 
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Miniatures Tax Photographers Ingenuity 


Photographers have resorted 
to drastic tricks to emphasize 
the tininess of this flock of 
sub-miniatures. The Hamilton 
Watch Co. 2/1,000,000 hp 
motor is a new stunt. But all 
the rest are new products with 
special but practical engineer- 
ing applications. 


Cylinder at right end of horizontal Giannini’s world’s smallest relay oper- 
shaft is Hamilton’s 3,500-rpm motor ates with 18 milliwatts from photo-cell 


Minatron’s transducers sense linear MiniTec’s thermal switch follows change Bourns’ pot can be screwdriver-trimmed 
motion through flux linkage change as abrupt as 100 deg F per sec between 20,000 ohms and 1 megohm 














Maik 


Fairchild’s 10-turn potentiometer. Resistances from 4,000 to 200,- Ace Electronics Assc. has wire-wound potentiometer with 200-to- 
000 ohms. Starting torque, 1 oz-in.; running torque 4 oz-in. 50,000 ohm range. Standard torque, less than 0.35 oz-in. 
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Why Automatic Sequencing 
of Batch Operations 


SAVES DOLLARS... 


...- because the Taylor FLEX-O-TIMER Time Cycle Controller 
"does its own thinking” — takes care of as many as 36 operations 
automatically, thus saving operator man hours! 


THIs dividend-paying instru- 

ment is the Taylor *FLEX-O- 

TIMER Time Cycle Control- 
' A ler. It provides precise, auto- 
ieee) § «matic timing of the sequence 
t and duration of up to 36 proc- 
essing operations involving 
temperature, pressure, mech- 
anical motion, electrical en- 
ergy or combinations. There 
are hundreds of applications 
throughout industry where 
this versatile controller can 
insure greater uniformity of 
processing, save operator effort — both physical and 
mental—and save you money. If you say “yes” to any 
of these questions it will pay you to call in your Taylor 
Field Engineer now. 


The Taylor Flex-O-Timer 
Time Cycle Controller 


Q. Do you have batch processes requiring personnel to 
perform multiple operations in sequence with complete 
reliability? 

A. The Taylor FLEX-O-TIMER Controller enables you 
to coordinate batch processes to meet the requirements 
of a continuous process. You don’t have to rely on 
people to turn the valves or perform other operations 
at the right time; e.g., the regeneration of a contam- 
inated catalyst bed in a continuous process. The FLEX- 
O-TIMER Controller will:—stop the process; clean out 
process fluids; backwash the bed—or burn out the im- 
purities; put the unit back on stream. All this auto- 
matically and in accordance with the best practices. 


Q. Are you faced with reprocessing and consequent costly 
waste if certain manual operations do not take place at the 
right time, in the right sequence and for the correct duration? 


A. You eliminate the possibility of human error with 
this robot brain in control. You can depend on the 
FLEX-O-TIMER Controller to turn the valve, pull the 
switch or perform other operations—automatically; 
e.g., the molding of plastics or vulcanizing of golf balls. 
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Q. Can customer dissatisfaction ever be traced to variations 
in product quality due to processing irregularities? 

A. Once you've developed the optimum time, tempera- 
ture, pressure and other variables for a process you can 
be sure of repeating that process exactly, time after 
time; e.g., backwashing of filter beds in a continuous 
process. Result: You are assured of a uniformly high 
quality product—the secret of repeat business. 


Q. Wouldn't you consider it a good investment if a com- 
pletely automatic sequencing control system applied fo your 
batch processes paid off in a year or less? 


A. Many chemical plants have increased their profits 
by revamping their batch processes in this way, using 
the Taylor FLEX-O-TIMER Controller as the key in- 
strument; e.g., the operation of hydraulic presses in 
removing excess chemical from fibrous materials; plas- 
tic press operation; dry ice molding; the lamination of 
plywoods; tire molding; the opening and closing of 
dump valves in paper pulp bleach cells; the batch hy- 
dro-genation of edible oils and fats. 


Q. Why is this system so successful? 


A. Because Taylor Instrument Companies have the 
necessary experience and know-how to apply instru- 
mentation of this kind to the best advantage in many 
diversified industries. Taylor Engineers have acquired 
this skill through many years of working in the field 
with instrument men and engineers. Their knowledge 
is at your disposal. Why not write today! Also ask for 
Bulletin 98154. Taylor Instrument Companies, Rochester, 
N. Y., or Toronto, Canada. 


Laylor Lnslrumenta 


MEAN ACCURACY FIRST 
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INDUSTRY’S 
PULSE 


Native Enterprise 
Reaches for Gulf Coast 
Instrument and Control! Markets 


If you've driven through ‘Texas recently, you’ve doubtless 
noticed blue-and-white stickers on the rear windows of new 
Fords. “Built in ‘Texas by Texans,” they assert, reflecting the 
State’s pride in the busy Ford assembly line in Dallas. 

Texans have more reason to boast about their growing instru- 
ment and control industry. Most of the instruments now in- 
stalled in Gulf Coast chemical plants and oil refineries were 
made by half a dozen old line firms in the East. But native en- 
terprise now seems ready to grab a significant share of this 
$25-30-million-a-year market. 

For at least a decade, Gulf Coast instrument business has 
been ballooning. In that interval instrumentation and controls 
have increased from about 3 per cent of plant cost to 10-15 per 
cent, and in some cases 20 per cent. 

Porter Hart, instrument superintendent at Dow Chemical’s 
Freeport plant, reports: “Most chemical and petroleum process- 
ing companies will agree that they can afford to spend $100,000 
on instruments to make a full time man twice as productive. 

These plants generally operate autonomously, but most are 
controlled by Eastern management. Several are busy developing 
and modifying instruments pr manufacturing them strictly for 
their own use. Porter Hart’s group, for ex xample, has produced: 
1) pneumatic derivative alarm systems for sudden process 
changes; 2) a detector for organic chlorides in boiler feed 
water; 3) a self-cleaning antimony pH electrode; and 4) simple 
computer systems for concentration controls. 

Monsanto at Texas City is using its own hydrogen-cyanide- 
in-air detector, and recording refractometer. Phillips Petroleum 
has probably gone further then any of these introverted instru- 
ment companies. For ten years Phillips has been making spe- 
cialties that no one else produces. And in some cases they have 
been selling to other petrochemical companies. 

Approximately 25 firms have organized in recent years to 
manufacture instruments along the Gulf Coast and in nearby 
parts of the Southwest. Many of these have headquarters in 
Houston; several others in Dallas and Tulsa. Most serve the big 
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———— SOLA CONSTANT VOLTAGE TRANSFORMER 
————— CONVENTIONAL POWER TRANSFORMER 


Improve performance of control components 


with built-in regulating power transformer 


You can make sure your product will always receive correct plate 
and filament voltages by building in a Sola Constant Voltage Power 
Transformer (Type CVE) in place of a conventional, non-regulating 
power transformer. 

The Sola CVE provides +3% regulation of plate and filament 
supply, with line voltage variations of 100 to 130 volts. Regulation is 
completely automatic, continuous and substantially instantaneous 
(1.5 cycles or less). Sola CVE stabilizers have no moving parts or 
tubes, require no manual adjustments or maintenance, and are self- 
protecting against short circuits. 


Three stock units (all with high voltage ct, 5.0v and 6.3v regulated 
windings) are stocked by your electronic distributor. You can order 
production quantities of special units manufactured to your specifi- 
cation. We invite your inquiry. 


Automatic, Maintenance-Free Voltage Stabilization 


SOLA seinpeommtioes 


TYPICAL STOCK UNIT: Sola Electronic 
Power Transformers are made for chassis 
mounting. They are furnished complete 
with separate capacitors and capacitor 
mounting brackets. 


SEND FOR FOLDER: 

Please write for folder which 
gives complete data. 

Ask for CIRCULAR 26L-CVE-195 
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-..-INDUSTRY’S PULSE 


Gulf Coast process industries. But some are shouldering into 
the aircraft field farther north. The aircraft companies develop 
and make many of their own instruments and controls. 

Instrumentation and control in Gulf Coast plants reflects 
several trends: 

Pneumatic control seems to be giving way to electronic. 

Graphic panels are multiplying, although some engineers ob- 
ject to them, because they don’t like to revamp the panel 
whenever the process is altered. 

In some instances the trend toward miniaturization is revers- 
ing. Looking for stronger construction, some engineers are 
willing to pay a penalty of larger size. And one instrument 
company is reportedly readying a new line of semi-miniatures. 

As the limit is reached on the volume of information available 
from conventional instruments, more companies are turning to 
analyzers—particularly analyzers installed on the process stream 
and pouring out continuous readings. 

Computers are entering the field—more as problem solvers 
than as integrated parts of control systems. 

Finding and producing crude oil also demands elaborate 
instrumentation. But here the scope is not easy to evaluate. 
Some of the companies making the instruments don't sell them. 
Instead they use them in the services they sell. Schlumberger 
Well Surveying Corp., for example, handled $80 million gross 
business last year. It would be hard to estimate how much of 
that total could be earmarked for the well-logging instruments 
the company makes in Houston. 

One company in this field may, however, reverse the Eastern 
domination of Gulf Coast instrumentation. Its managent is 
contemplating a new Houston plant that would supply the 
East Coast with instruments “built in Texas by Texans.” 
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The new Bailey Oxygen-Combustibles Analyzer-Recorder (shown at 
right) provides a continuous two-in-one check of combustion efficiency 
by recording both oxygen and combustibles in flue gas. As shown by 
above chart, both measurements are needed to determine combustion 
efficiency. 











BAILEY announces.:-- 


New 2 in 1 way to measure 
Combustion Efficiency 


The new Bailey Oxygen-Combustibles Analyzer-Recorder gives you a continuing double 
check on combustion economy. It’s fast response measures and records: 


1. Excess air—regardless of the fuel or combinations of fuels being burned. 


2. The mixing efficiency of your fuel-burning equipment —by indicating the amount 
of combustibles in your flue gas, resulting from incomplete mixing of fuel and air. 


Combustion efficiency depends upon fuel-air 
ratio. Too much fuel can be even more costly than 
too much air. And because of the interdependence 
of these two factors, no control that measures only 
one of them can give you complete protection. 


Now, for the first time, you can check both with 
a single fast acting instrument, using the new 
Bailey Oxygen-Combustibles Analyzer-Recorder 
for industrial furnaces, kilns, heaters and boilers. 

Fuel economy improves as excess air is reduced 
—until unburned fuel begins to show up in the flue gas. 
When this happens, combustion efficiency drops off 


sharply if there are further decreases in the air-fuel 
ratio. That’s why combustion gases must be ana- 
lyzed for both oxygen and combustibles to get a true 
indication of efficiency—and that is why Bailey 
coordinates both measurements on the same chart, 
to show when excess air may be reduced safely with- 
out danger of greater losses from unburned gases. 

The Bailey Oxygen-Combustibles Analyzer is 
an approved combustion safeguard. 

Ask your local Bailey engineer for suggestions 
on application. Equipment details in Product 
Specifications E65-1 and E12-5. P31-1 


BAILEY METER COMPANY 


1049 IVANHOE ROAD ©® CLEVELAND 10, OHIO 
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Let 
Him 
Think 


The engineer’s systematic way of attacking problems is his greatest intellec- 
tual asset. But if he isn’t careful, systematizing may smother his creativeness. 

When faced with a new situation, the engineer proceeds roughly as follows. 
He gathers and collates data. Then he sorts al groups the v: stanton and works 
up equations that make the data manageable. This routine not only helps him 
solve the problem at hand; it simplifies iia future work on all similar problems. 

But watch out for pitfalls. Systematic thinking raises the ability of the norm 
and accelerates product development. On the other hand, the engineer who puts 
all his confidence in a safe set routine becomes confined by his method. His intel- 
lect and imagination rust. He becomes a bookkeeping engineer rather than a 
creative one. 

Fortunately, machines now grind out a lot of engineering results. A leading 
manufacturer of computing and accounting machinery conservatively estimates 
that his and competitors’ machinery made the equivalent of 2,000 engineering 
desk calculations in 1948. Through 1951, the number of these equivalent calcu- 
lations increased 40 per cent per year. From 1951 through 1954, the number of 
equivalent calculations doubled each year. The yearly doubling will continue 
through 1955. 

In this way, machines can relieve engineers of a lot of slogging. It’s up to 
each of us to see that the hours of routine that they save are converted to so 
many hours of creative thinking. Every engineer ought to concentrate on recog 
nizing needs and problems and breaking them down to computer routines. This 
takes thought. Thought takes time. 

So we propose a New Year’s resolution. Let each engineer put aside all his 
Sharply focused work for at least a half hour every day. And during that half 
hour, let him think of the broad objectives of his work. 

If you employ engineers, remember: you can’t make a man think, but you 

can let him think. 


THE EDITORS 





THE GIST: Today's pilot doesn't have enough muscle to wrestle 
with the control surfaces that guide his plane. The designer has 
to help him with power amplifiers inserted between his controls 
and the ailerons, elevators, and rudder. 

But simply adding any power-boosting servo to the control 
system won't solve the problem. The designer must take into 
account all the complex aerodynamic and aeroelastic charac- 
teristics of the aircraft. And he must fit the booster to the man, 
so that the pilot will retain the ‘feel’ of the plane. 

This article, a control engineering approach, considers 
booster, pilot, and plane as an integrated system. 


How to Fit 


Power Boosters 


into Aircraft Controls 


JAMES A. NIGHTINGALE, Manchester, England 


POWER AMPLIFIERS between controls and control 
surtaces help pilots cope with the high operating loads 
of today’s heavier and faster aircraft. Design require- 
ments make it almost essential that the power con- 
trol be a closed-loop system. And although the 
choice of the power source depends largely on the 
designer’s preference, there is a slight bias towards 
hydraulic systems because they are simple and re- 
liable and exact a low weight-power penalty. 

For efficient design, the performance of the con- 
trol servos must be tied in with the performance of 
the aircraft as a whole, including the pilot or auto- 
pilot. This involves at least two intricate problems: 
> pilot response and 
P flight characteristics of uncontrolled aircraft. 

The characteristics of human operators have been 
approached analytically for certain simple operations 
(see for example, “Man as a Servo Component,” 
ContTROL ENGINEERING, October, 1954). But the 
complex procedure of flying an airplane—influenced 
by such uncontrollable factors as experience, 
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strength, and fatigue—is not easy to analyze. Also, 
only a limited amount of very speculative informa- 
tion concerning the handling properties of aircraft 
is available during the pre-flight stages of develop 
ment. ‘Thus, sound general principles must be es 
tablished for the initial power-booster design if 
excessive modification is to be avoided later on. Cer- 
tain parameters can be varied, so that the system 
can be tuned during test-rig and flight trials. 


Aircraft Performance 


An aircraft has several control units that op 
erate its control surfaces. ‘hese surfaces—for ex- 
ample, ailerons, elevators and rudder—control the 
various degress of freedom of the aircraft by exerting 
aerodynamic forces that vary with the direction and 
magnitude of the surface rotation about its hinge. 

An analysis of the exact nature and magnitude of 
the aerodynamic forces is beyond the scope of this 
article. But for small displacements about steady- 
flight conditions the equations of motion can be 
considered linear and can be treated by frequency 
response and similar methods. Assuming linearity, 
the effect of all the controls on a particular degree 
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WHY 
A 
POWER 
BOOSTER? 


TO TUG THESE 


CONTROL SURFACES 
A PILOT NEEDS 
A SERVO’S HELP 


of freedom will be the sum of the effects of the 
separate controls. ‘Thus for the purpose of illustra 
tion, the effect of a single control on a particular 
freedom can be considered. Although the roles of 
the controls are often quite different, the general 
principles are similar, and generally only the scale 
of the quantities involved differs 

Those aircraft qualities most directly influenced by 
control design are response, stability, and flutter. 
The first two are closely related and are similar to 
qualities that describe servo performance. An. air- 
plane has certain free-flight characteristics, or modes 
of oscillation, which must be adequately damped if 
the plane is to be stable. However, the term stability 
as it is used here also implies that the oscillations 
cause no discomfort to the occupants. ‘The damping 
of certain modes must, therefore, not be too severe. 
Flutter is the term used to describe those instabilities 
directly caused by elastic deflection of the airframe 
and stimulated by energy from the slipstream. In 
order to suppress flutter, the control must be stiff 
under external loads. 

To determine the controlled-flight, or response, 
characteristics of an aircraft, consider a typical free 
dom z. The effect of the displacement x. of a given 
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control is a relation of the form 

z(p) = H(p)-2.(p (1 
where p denotes the Laplace operator and z(p), 
x.(p) are the transformed aircraft and surface dis 
placements respectively. In practice H(p) is a ra 
tional function of p of the type 
a tT Ap + Gap -° Amp" 


H(p) = 


b + f Pc bop ab | * by p" 


in which the coefficients of the powers of p are com 


Response,|H (jw)| 








Frequency, w 


Frequency response plot for one degree of aircraft freedom. 
Notice the several 1esonant peaks. Vig. 1 
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Block diagram of complete dynamic system of an aircraft, 


including pilot and aerodynamic characteristics Fig. 2 
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Schematic diagrams of a fully-powered control system (A) and 
a booster system (B). In (A) the pilot’s feel is artificially intro- 
duced, whereas in (B) the pilot must furnish a portion of 
the required operating force. Fig. 3 
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Block diagram of aircraft booster control system. Similar to 
Figure 2 except that force feedback is added. Fig. 4 
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Portion of complete system used in theoretical analysis ot 
booster requirements. Fig. 5 


binations of the so-called areodynamic derivatives. 
are not truly constants, but vary with aircraft speed, 
attitude, and even with the amplitude of oscillation. 
The conditions under which they may be considered 
as constants are very complicated and in general limit 
discussion to small aircraft displacements about a 
steady condition. 

Although it is not a universal practice to use fre- 
quency response methods for aircraft-stability cal- 
culations, it is informative to do so when discussing 
power controls. ‘Thus a curve of | H(jm) | can be 
plotted against frequency w. As shown in Figure 1, 
there can be several resonant frequencies at which 
the aircraft may tend to oscillate. Whereas it is cus- 
tomary to insure adequate damping for the higher 
resonant frequencies, often this is difficult to do at 
the lower frequencies, which may be of the order 
of only 2 cps. In this range, however, the pilot can 
usually apply corrective action through the appro 
priate control. 

Thus the complete dynamic system includes the 
pilot and control system as well as the aerodynamic 
— of the airplane. The simple block dia- 
gram 1 Figure 2 shows the sequence of control. 
The “wally is “closed”. A virtual feedback from out- 
put to pilot “closes” the loop. Feedback results 
from the pilot seeing the automatic horizon and sim 
ilar instruments and also from his sensations. 


Boosters vs Fully-Powered Centrols 


The pilot needs some more positive measure of 
his plane’s behavior. Usually this is in the form of a 
varying stick load opposing stick movement. The 
load is inherent if the surface is manually operated, 
since the pilot must exert all the effort needed to 
move the surface. In power control systems there are 
two ways of providing this stick force or “feel”. One 
is to provide an artificial load by means of springs and 
dashpots so that the load depends on stick displace 
ment and velocity. A typical arrangement is shown 

1 Figure 3 | A), where the only effort the pilot 
itn to the control is the comparatively light one 
needed to overcome valve friction. Such a control i is 
said to be FULLY POWER OPERATED. The alternative 
arrangement is to mechanically feed back a direct 
proportion of the output load to the pilot. A typical 
arrangement, in which the pilot's load is obtained 
by lev er differential, is shown in Figure 3 (B). Here 
the power control is called a Booster, since the pilot 
has to contribute a definite fraction of the work 
needed to operate the surface, the remaining being 
supplied by the hydraulic cylinder. 

Designers argue about how much “feel” a_ pilot 
ought to have and whether it should be true or 
artificial. Perhaps eventually, feel will be abandoned 
altogether. Although it is difficult to give a definite 
answer to the question of how to provide feel, the 
present trend is toward artificial feel in large aircraft 
and boosters in very fast ones. The advantage in 
the latter case is that rapid change in the air load at 
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Control Response Amplitude |Y (jw)! 
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Plot of amplitude of control re- 
sponse against frequency. Fig. 6 


the surface during high-speed maneuvers is trans- 
mitted instantaneously and serves as a danger signal 
to the pilot. 

Figure 4 shows a block diagram of a complete sys- 
tem using boosters. When more work has been 
done on determining human response characteris- 
tics, it may be possible to optimize the nature of the 
force feedback to the pilot. At present, proportional 
feel is preferred although this is probably a hangover 
trom manual operation. Some of the aricraft com- 
panies are now experimenting to find out whether 
some nonlinear function, introduced into the feed 
back path, will increase pilot efficiency and reduce 
his fatigue. 

In a theoretical consideration of the booster, it is 
usual to simplify the system and concentrate only on 
that part shown diagrammatically in Figure 5. In 
addition to the aerodynamic loads on the surface, 
there usually will be a random disturbance caused by 
gusts. This is an extraneous input in much the same 
sense as is noise in a servo. Some statistical work 
on gusts has suggested an approximate Gaussian 
frequency distribution under certain conditions. 


Booster Performance Criteria 


\lthough hydraulic power boosters are inherently 
nonlinear, their performance will be described in 
terms of linear transfer functions since the conven- 
ience of this method makes it worthwhile to linear 
ize the system. 

The response of the booster can be represented by 
a transfer function of the form 


, 
bth on Whak (2 
7 P P 


From Equations 1] and 2 a relationship can be ob 
tained between the input to the booster (pilot’s dis 
placement) and the aircraft motion, typified by 
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Plot comparing amplitude response of load reflected to pilot with output dis- 
placement. This indicates that the particular linkage is too flexible. Fig. % 


displacement z(p). ‘Thus 

= (p) = Y(p) + H(p) (3 
One condition for a stable aircraft is a stable con- 
trol. A typical plot of | Y(jw) | is shown in Figure 6. 
Two important properties of a control. system are 
the bandwidth and the amount of damping. The 
first consideration is the effect of damping on the 
transient response of the aircraft. The choice of 
bandwidth will be discussed later. 

Expanding H(p) into partial fractions 


f As Ag ‘ 
Neh 3 4 2 y--- 4 bees (4) 
=o > = Pp Q& 
Thus the response of the airplane to a unit impulse 
surface displacement is 
at a,t as 
z(t) Ae +Aze +°°:+Ae +:°°° (5) 
Similarly the response of the control can be repre- 
sented by a transfer function of the form 
‘ B, By B, 
} (Pp) = L,«0? die 
p — B, p — B. p — B, 
and a transient response to a unit impulse 
By! Bot Bet 
z(t)= Be +Be +°°° Bye ets (7) 
The overall response of the aircraft and control will 
therefore be of the general form 
Ai’ A,’ 


p— am 


H(p) * Y(p) 


p — a@& 


where A,’ = A, Y(a,) 

and B,’ = B,H(£,) 

provided that aj, a2, ....., Bi, Bz, ..-. are all distinct 
roots. Thus the response of the aircraft to a unit im- 
pulse applied at the input of the control will be 


¢ Bt 
at x,t Bt 


z(t) = A\‘é + Ag’ ee? 1" T Bet 





As mentioned previously, there are certain lightly 
damped aircraft modes corresponding to complex 
roots of the form 

@q = — Ty + jury 
in Equation 4. The contribution of such a mode to 
the response given in Equation 9 will be 
at at 
q . 
+ A,*Y *(a,)e ] 
a" 
[ Ug cos (wet + bg) — Va sin (wet + $4) 
A, = U,+jVo 
Y (ag) = oy 


zg(t) = [Ag ¥ (aye 


zq(t) = 2| Y(a,) |e 
where 

Argument 

and * denotes the complex conjugate 
Since a, represents a lightly damped mode, 
can be considered approximately equal to 

so that 


Y (a,) 
z (Jorg ) 


—o t 
zq(t) 22\Vjwg)le [Uz cos (wet+ og) — Va sin (wet + o4)] (10) 
In other words, the control amplifies or attenuates 
the oscillation by an amount approximately propor- 
tional to | Y (jo,) Thus the amplitude of the 
control response should be limited so that aircraft 
oscillations are not aggravated. 

Similarly, a root of the form 

pr =-—-O6;, + Jer 

in the control response, Equation 6, causes an 
oscillatory component in Equation 9 that is ampli- 
fied by | H (£,) This is often quite large, how- 
ever, its effect can be reduced by insuring that the 
control is well damped. Usuz ally this implies that 
the ratio o,,/w, is about equal to unity for each oscil- 
latory mode of the control. 

The bandwidth determines the frequency range 
within which the pilot has effective control of the 
surface. Thus he can apply corrective action for any 
airplane oscillation within the bandwidth. It is 
usually desirable to limit the bandwidth to some- 
thing less than 10 cps, since human _ response 
deteriorates into meaningless noise above this 
frequency. 

Because of compliances within an actual control 
system, the control can be displaced by an external 
force at the surface. Therefore unless precautions 
are taken, periodic gusts may set up excessive air- 
craft oscillations. How well the control system can 
suppress these oscillations can be determined from 
the transfer function 


a (p) = Z(p) (11) 
which defines the control response to an exciting 
force at the control surface. Generally the form of 

Z (jw) | will be very much like | Y (jo) |, having 
approximately the same bandwidth. 

As in many other servos, choice of bandwidth 
involves a compromise between sensitivity on one 
hand and noise suppression on the other. In this 
case the control must be sensitive cnough to allow 
the pilot to correct for lightly damped aircraft oscil 
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lations, but should attenuate the effects of noise, 
whether they are spurious signals at the input or 
gust forces at the output. The problem of optimizing 
the control response and getting synthetic stability 
with corrective networks does not appear to have 
been widely investigated. 

The stiffness of the control is also important in 
the suppression of flutter involving the control sur- 
faces. To calculate flutter, it is necessary to know 
the real and imaginary parts of the control imped- 
ance, I,(#) and I.(#) respectively. These can be 
obtained from the relation, 


as (jw) = 11(w) + jle(w) (12) 
Finally, since the load felt by the pilot should be 


a measure of the output displacement it is necessary 
to compare 


me (jw) | with |\2% (jw) 
z je z. je 


For example, if the linkage is too flexible, a curve 
as shown in Figure 7 results. At the resonant fre- 
quency the pilot is merely compressing a spring. 


Editors note: As a follow-up to this general treatment of 
booster requirements, the January issue of ContROL ENGINEER 
1NG will carry an article outlining the problems inherent in 
the boosters themselves. Emphasis will be on the theoretical 
and practical design aspects of hydraulic-cylinder units. 


NOMENCLATURE 


coordinate denoting typical aircraft freedom 
control output displacement 
transfer function relating z and z, 
Laplace transform 
frequency vector 
control input displacement 
transfer function relating z, and z, 
* = constants used in partial fraction expansion of 
H(p) 
= aelawad H(p) 
= constants used in partial fraction expansion of 
Y (p) 
= poles of Y(p) 
- By’ , B.’ + + + = modified constants 
oad and imaginary parts of a and 8 
real and imaginary parts of A 
external force on control surface as seen by power 
control 
Z(p) = transfer function relating zx, and F, 
= total surface force seen by power control 
I\(w), ¥ (w) = real and imaginary parts of unit impedance 
vector (F,/2.) (jw) 
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Flywheel 
Oscillation Dampers 


WHY THEY WORK 


HOW TO CHOOSE ONE 


By damping servo oscillations directly 
at the motor shaft, the flywheel damper 
can reduce circuit complexity. Equiva- 
lent to a lag-lead network, this damper 
does not introduce a velocity lag, al- 
though it reduces the system accelera- 
tion constant and bandwidth. 

Here is a method for selecting the 
proper damper once you know the re- 
quired breakpoints on a conventional 
Bode diagram. 


SIDNEY A. DAVIS, 
Components Division, Servomechanisms, Inc. 


FLYWHEEL OSCILLATION dampers couple to a servo- 
mechanism shaft to damp its motion. Although 
they have been used for years in other damping 
problems, their application to servomechanism sta 
bilization is relatively recent. Their advantages for 
servo stabilization lie in their special application 
factors, Table I. These dampers are easily visualized, 
highly linear, and their parameters are readily con- 
trolled in design and mass production. 

Flywheel damper construction is shown schemati- 
cally in Figure 2. The magnet inertia is substantially 
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Assembled and exploded views of servomotor 
with flywheel oscillation damper. Fig. 1 


greater than the effective motor inertia so that during 
rapid motor oscillation the flywheel remains rela 
tively stationary. This adds drag-cup viscous damp 
ing to the usual motor damping. But, under constant 
velocity operation, the flywheel is brought up to 
motor speed and contributes no drag. ‘Thus the 
damper responds to acceleration and, unlike the 
more usual drag damp, introduces no velocity error. 

The design factors of a flywheel damper are cup 
inertia and material, and magnet size. Where the 
load inertia is large compared to the inertia of the 
seryomotor, copper cups are used to furnish adequate 
drag. In low-inertia systems, aluminum can be used 
as a compromise. ‘To develop high drag forces, a 
large-diameter magnet with many poles is required. 
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- Introduces no velocity error and is therefore suitable in high precision servo- 
mechanisms where velocities vary slowly. 


Damper is simple. But performance is equivalent to a lag-lead network. 
Adjustment is reliable and permanent. 
Manufacturing is noncritical, and good uniformity can be maintained. 


Since damper acts directly on motor shaft, the effect of nonlinearities such 
as amplifier saturation, noise, and backlash is minimized. 


Independent of line-frequency shifts. 
. Wide range of parameters is possible. 


. Restricts the band width of frequency response. This feature is sometimes 
desirable where noise sensitivity must be limited. 


Reduces system acceleration constant. This can be an advantage. 


Parameters are diffwult to adjust in laboratory. This is in contrast to other 
damping methods, where the servo designer can make adjustments to get 
desired performance. 


. The magnetic viscous drag varies with the temperature of the drag cup. If the 
cup is copper, a 50 deg C change in temperature will cause a 20 per cent 


variation in drag. This is good compared to fluid viscous dampers. 


But magnet diameter is limited because of the dele- 
terious effect of excessive magnet inertia on system 
performance. 

Since the flywheel damper is analytically equiva- 
lent to a lag-lead network, the design procedure 
consists of calculating the time constants and break- 
points of the lag-lead network and then in turn 
determining the parameters of the flywheel and drag. 
Since it is difficult to make continuous adjustments 
or to vary the parameters of a flywheel damper, 
component manufacturers have developed lines of 
dampers in which inertia and drag are varied in a 
convenient discreet way. A typical useful set of 
parameters might be those established for a specific 
motor having negligible load inertia or friction. 

Dampers are available that can be connected 
directly to a motor shaft or at other points in a 
system. Since the damper parameters cannot be 


Table II—-MECHANICAL-ELECTRICAL 
ANALOGIES 
Electrical Mechanical 
Symbol Quantity Symbol 
Q Charge 0 
dé 
dt 


Quantity 


Displacement 


Current Velocity 
Voltage 
Inductance 
Elastance 
Resistance 


Torque 
Inertia 
Compliance 
Damping 


adjusted to compensate for calculation errors or 
unforeseen difficulties that may show up while a 
servo is in the breadboard stage, a designer should 
have several different-sized dampers available. 
Figure 3(A) shows an amplifier driven servo- 
motor. ‘The transfer function of this system is 


6 K (1) 
E pl + pT n) 


where J inertia of motor and load 
damping or friction 
velocity constant 

motor torque per unit error 
K/D 


output shaft position 
actuating signal or error 
Laplace operator 


For convenience an analogous electrical network is 
analyzed, Figure 3(B). Using the analogous elec- 
trical and mechanical quantities listed in Table II, 
the following transfer function can be derived. 

Q___—*iK/R - 

E p(l + pL/R) m 
Figure 4 shows the conventional Bode plot for the 
transfer function expressed by Equations | and 2. 
This represents the characteristics of a servo-motor 
without external damping. 

In a similar manner the equivalent circuit of 
Figure 5 defines the analytical features of a servo- 
motor with a flywheel damper. The transfer func- 
tion for this network or for the motor-damper 


iu dk oad ned 
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combination that it represents is large ratio of flywheel inertia to motor-damping con 


x F stant and inertia suggest simplifications. ‘These give 
> (1l+p 5 the approximate breakpoint values listed below 
Q Rn Ra 


E ; - 
Ln +L \f er aa oa a 
(Ln th , L, Te + Tam 
i{ of R,, (ir) ( R, Fue he lat 


where F,, = motor damping ~~ 
Lim = motor inertia 
L. = drag-cup inertia 

Ra = drag caused by relative flywheel motion 

La = flywheel inertia 


‘The properties of this transfer function can be visu- 
alized from the Bode plot of Figure 5, which com- 
pares the characteristics with and without a flywheel 
damper. ‘The plot of the motor-damper combination 6 
is equivalent to that obtained with a conventional Where 1m 
lag-lead network in series with the open loop. For 
a given velocity constant, the damper reduces the Pan ea 
eftective acceleration constant of the system. Ra 
Although there is no simple expression for the 
breakpoints, such practical design features as the 


L. 


La ah a La 
Ton ia R» 


Since velocity and acceleration constants and 
phase-margin are available from the Bode plot, the 
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Schematic diagram of flywheel oscillation damper. Fig. 2 


Bode plot, decibels versus log of frequency, 
for servomotor transfer function. Fig. 4 
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Equivalent electric circuit for a servomotor 
plus flywheel oscillation damper. Fig. 5 


Control signal 


2 _ “Motor without 
bs ~ oscillation damper 
olw 


R L 
VW Motor with oscillotion- 
domper 
_—~ 1 
KE 


Simple amplifier driven servomotor, ae a 
(A), with its analogous electrical network, (B). Fig. 3 























Bode plot of motor with oscillation damper. Fig. 6 
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design of a system with a flywheel damper involves 
manipulating the breakpoints to set optimum per- 
formance. Once the desired breakpoints are known, 
the flywheel parameter can be obtained from the 
nomograph of Figure 7. This nomograph is plotted 
in accordance with the approximate relationships 
expressed by Equations 4 through 7. 


Damper Selection 


The nomograph is used in the following manner. 
Assume that for optimum performance of a given 
system the first breakpoint, @;, occurs at 6 cps, and 
the second breakpoint, w., at 14 cps. ‘The frequency 
of the two breakpoints determines point x. A straight 
line through point x and the origin crosses the verti- 


cal axis, Ry/R,, at point x’. ‘Thus 
Ra _ 4 eo 
| ey medias 3 Rm 


where R,, is the motor damping, a known quantity, 
and Ry is the required drag from flywheel relative 
motion. To determine flywheel inertia in terms of 








Second breakpoint w, ,cps 











| 
° H 
0 2 4 6 8 





known quantities, estimate the value of point x rela 
tive to the family of L,/R,, curves. For this 
problem, point x lies between the curves 


i a ie 
ee ee 
with an approximate value of 
Li 1 = 
R. "i? “7% 


Again knowing R,,, the required flywheel inertia can 
be determined. With these parameters selected, the 
servo designer can get the correct damper from a 
component manufacturer. Accuracy is not critical, 
and estimates from the nomograph are satisfactory. 

The following practical limitations must be ob 
served in specifying damper parameters. 

> Cup inertia must be added to the inertia of 
the motor rotor. 

> The drag for a given cup material is propor- 
tional to the inertia of the cup. 

> The flywheel inertia must be considerably 
greater than the inertia of the motor plus cup. ; 


10 12 14 16 


First breakpoint w j> CPS 


Nomograph for determining drag coefficient and flywheel inertia of damper. Fig. 7 
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HOW TO DESIGN 





Discontinuous 
Speed-Switching 


Circuits 














Basic circuit for discontinu- 
ous switching method. Fig. 1 


Here's a technique first exploited by Askania of Germany in the V-2 


rockets that blasted London. 


A neon lamp, working as a nonlinear 


switching element, makes the system sensitive, accurate, fast, and long lived. 


BASIL T. BARBER, Sperry Gryroscope Co. 


A TWO-SPEED positional servomechanism must 
have a switching device that connects the output of 
either the coarse speed synchro or the fine speed 
synchro to the servo amplifier. Common switching 
devices include relays, biased vacuum diodes, rotary 
switches and nonlinear elements—all of which select 
the proper synchro output depending on the relative 
magnitude of the two outputs. 

Nonlinear elements are used in two types of cir- 
cuits: continuous and discontinuous. Both are noted 
for speed, accuracy and sensitivity, small switching 
transients, and overall simplicity. Continuous switch- 
ing, with elements that have an internal resistance 
which is a nonlinear function of applied voltage, was 
discussed in the November issue of Conrrot ENcr 
NEERING, pp. 50-53. This article covers discontinuous 
switching circuits, in which the switching point from 
coarse to fine speed is made to coincide with the 
firing point of a neon lamp. 


WHAT IT IS 


Figure 1 shows the basic circuit elements. At low 
values of the error signal, the neon lamp will not 
conduct, and the servo system operates at the fine 
speed. When the error becomes excessive, the coarse 
error signal, stepped up through the amplifier and 
the transformer, causes the neon lamp to conduct. 


Since resistor R, has a high value compared to the 
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impedance of the transformer secondary impedance, 
it acts as a voltage divider. ‘The- fine error signal 
bypasses to ground through the shorted neon lamp, 
while the coarse error signal is channeled through 
the neon lamp to the servo amplifier. 


HOW IT WORKS 


Askania of Germany first used this method on the 
V-2 rockets. It has the advantages of maximum sensi 
tivity at low input levels, very long life, fast response, 
and an accurate switching zone. In addition, since 
the neon lamp is ON only when the servo is oper 
ating on coarse speed, it indicates excessive error. 

If a voltage E is applied to a neon lamp in series 
with a resistor, the typical characteristic curve is the 
one shown in Figure 2. As the applied voltage is 
increased to a critical point, V;, the neon lamp breaks 


Volt-ampere characteristics of a typical neon lamp. Fig. 2 











Current 














Voltage distribution across a neon lamp and its 
load, as a function of the applied voltage. Fig. 3 


down and conducts. Once lit, the lamp continues to 
conduct at an even lower voltage, V;, which remains 
substantially constant over a wide range of current 
flow. This characteristic is used to obtain a constant 
voltage from a VR tube, where the current is the 
variable parameter. 

Where the applied voltage is the variable param- 
eter and the voltages V, and e, are plotted as a 
function of E, the curve shown in Figure 3 applies. 





Switching mode of selector. Switches at angle x. Fig. 5 
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R, 


e:Asino VV VY ] 








e 8 
.” Asin = 


Analytical representation of circuit shown in Figure 1. Fig. 4 


When E is less than V, then 


E 
eé = 


100 
and Vi=E-e2E 


At E equals V;, the output e, is increased by the 
difference V, minus V,, becoming 
Vy : 3 
€& = + (Vy; — V;) 
100 * (Vs 


and the voltage across the neon lamp is 
V,= E-—e = Vy - Ee Vs; — V,) 
So oa 
Vy 


Pe ee 
V, V, 100 


=V, 
When E is greater than V;, V, approximately equals 
V, and 

e=E-V,=E-V, 

The neon switch can be evaluated in the light of 
the above discussion. Analytically the circuit of 
Figure 1 can be presented as shown in Figure 4. 
Referring to Figure 3, the response of the output e, 
of Figure 4 can be plotted as a function of the fine 
speed angle as shown in Figure 5. 

When @ is less than x the neon lamp will not 
conduct. Therefore 

€. = aA sin 6 + = sin - 

€ aA sin 0 
and the output follows the fine speed synchro. The 
voltage across the neon lamp is 


: ae el ' KA . 6 
V, = KAsin — aA sin 0 — 00 sin — 
pe ue Oe ‘ 
V,<= KAsin > im aA sin 6 
At the switching point the voltage across the neon 
lamp becomes 
Ve = Vy = K;Asin — aA sinz 
Solving for Ky, 
Vy . 
A + asin x 
K; = a (1) 
sin 
nm 


Where K, is the additional gain, in cascade with the 
coarse speed synchro, that is required to fire the neon 
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NOMENCLATURE 


e fine synchro output Firing angle, xX, rotians 
2 coarse synchro output ie 
A maximum synchro output 
6 = angular displacement of fine synchro, radians 
x = value of 6 at which system switches from coarse to fine 
speed 
n = gear ratio between fine and coarse speeds — t ~ Ere 
K = additional gain required in cascade with coarse synchro = = Ky _ Itsin X = 
M,=Amplitude ratio, input to output, of servo 
R, 
a 
R, T R: 
RR, & a , 
B -" when R; is in parallel with R, 


R R; T RoR T RRs’ and R. 


RR; 


Y= PR RoR RR , when R, is in parallel with R, 
uf T felts Tt Mh 


2 and R; 





lamp at x radians. 
A few microseconds before the neon lamp is fired 
the output is 





&, = aA sin x 
while after firing it becomes 
» ‘ zx » . 
é 8K,A sin — V, Firing angle, X, radians 
nm 


as shown in Figure 5. So that there is no switching ee ee ee eS 


transient, the output after firing must be the same 
as the output before the firing point. Thus 





; aA sinz + V, aA sing + V, 9 ; ae | a A 

ee ae ite aA sinz + Vy ad | | Kt _2.5¢sin x 

d yin a = : : - ¢ oo am X/ag = 
After the firing point, the output will follow the < | a F = 


coarse speed synchro output, providing — that 
BK,A sin 6/n is greater than V,. ‘This must be so if 
the neon lamp is to remain in the conducting stage. 


Choosing Optimum Switching Angle 


Although the optimum switching angle can be 
found by differentiating Equation 1, the resulting 
relationship is transcendental and cannot easily be 
solved. It is simpler to find the optimum value of 
x graphically by plotting Equation 1. Three cases 
exist, depending on the value of the ratio V;/aA. : 

CASE I—Ratio V;/aA equals one. Then Equa- ——+—F &, oS ain i 





Firing angle, X, radians 
«x 3x 4 Sn 6x 


tion 1 becomes OF sin %/eg 
Ky; _1+s8inz : 
a ° 0 
sin 
. n 
. Figure 6(1) shows K,/a as a function of the firing 


angle x over the range of 0 to 6x radians. The gear 
ratio, n, between the fine and coarse speeds is taken 
as 36:1, a common ratio in many two-speed servo 
systems. ‘I'he other parameters are as follows: 

V; = 55 volts, rms (neon lamps NE16, NES51, etc.) 


€ * 1 volts »(in some 60 eps synchros) 

The maximum switching angle is 3x/2 radians, 
but in practice a switching angle of x radians or 
higher is not advisable, since at this angle 





aA sing = 0 Maxiinum gain K; as a function of firing angle x. Fig. 6 
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and B= Ve 
Vy 

‘This results in a zero output with a positive slope, 
which when fed to a servo amplifier will form a 
stable null and give a false null position. If a 
switching angle of x radians is necessary, then 8 must 
be as near one as possible to prevent false nulls. This 
results in a switching transient equal to V; minus V,, 
which can be as high as 7 volts. 

On the other hand, the minimum switching angle 
is limited by the M, and torque constant of the 


Gain Ky as a function of V;/A for a switching angle 
of x/2 radians and several common speed ratios. Fig. 7 


servo system, by the minimum output of the fine 
synchro, by the gear ratio n, and by the practical 
limits of the gain Ky. A good compromise is a switch- 
ing angle of x/2 radians. This gives a reasonable 
value of K, and in addition assures that there is no 
slope reversal of switch output at the switching point. 

CASE II—Ratio V,/aA is greater than one. This 
applies to most 400 cps synchros. Taking V;/aA 
equals 2.5 and n equals 36:1 as representative values, 
the curve shown in Figure 6(II) is obtained. The 
maximum switching angle is 


Vy 
= ain oe on 
Imac. sin ( per” ) 


The previous remarks concerning the a and 2/2 
points apply also in this case. 

CASE III—Ratio V;/aA is less than one. This 
situation has limited application because few syn- 
chros have a maximum output higher than the firing 
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point of a neon lamp. Again referring to Equation 1, 
K, becomes zero whenever 


= sin”! (- ¥) 


and in addition for certain values of a, Ky is negative. 
Physically this corresponds to a neon lamp in the 
conducting state and Equation 1 is no longer valid. 
Assuming that V,/aA equals 0.5 and n equals 36:1, 
Figure 6(III) shows the value of K; as a function of 
firing angle. ‘Thus 

Imex. = sin (4) = 
6 
This angle should be restricted to the vicinity of 
x/2 radians, as in the other two cases. 


Optimum Speed Ratio 


Since n depends on the degree of resolution 
required, overall gain, scale factors of the dials, and 
the maximum permissible synchro speed in terms 
of the system’s slewing velocity, there is no obvious 
way to optimize the gear ratio between the fine and 
coarse speeds in terms of the parameters covered 
here. But if an optimum firing angle of x/2 radians 
is assumed, Equation 1 becomes 


K; =alil +t Vie csc = (3) 
aA 2n 


The speed ratio can then be expressed as 


us 


. K, 
9 > 1 4 
— [<a + V,; ay | 


dKy 7 


d vr) ve a 
(<i 


Figure 7 shows the gain Ky required for a switching 
angle of x/2 radians as a function of the ratio V,/A. 
The gear ratios shown are common in two-speed 
data-transmission positional servomechanisms. 

As with the continuous method discussed in last 
month’s article, if n is an even number, the rate of 
change of e, is positive in the 180 deg region. This 
results in two unstable nulls, symmetrically located 
about the 180 deg point and each at a distance equal 
to the switching angle. The 180 deg point is now a 
stable null, resulting in a positional ambiguity. In 
practice, if n is an even number and cannot be physi- 
cally modified, a “stick-off’ voltage is inserted in 
cascade with the coarse synchro output, inverting the 
slope of the output in the 180 deg region and trans- 
forming the 180 deg point into an unstable null. 
This requires mechanical realignment of the coarse 
synchro. 

Also, the effective range of the fine synchro must 
be greater than the dead space of the coarse synchro. 
The dead space must include gear backlash, motor 
dead space referred back to the fine synchro, friction 
and other nonlinearities. 


n= 


with a slope of 
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Typical arrangement of piping and major control elements in the standpipe system of flowmeter calibration. Fig. 1 


Coorse and fine flow rate valves 
(monually operoted ) 


Standpipes Simplify 
Flowmeter Calibration 


Here's equipment you can buy or build. 
It calibrates, within .1 per cent error, meters 
handling from 50 to 600,000 Ib per hr. 


FREDERICK H. JARRETT, Fischer & Porter Co. per cent to comply with standard military specifica 
tions. A much larger number of flow meters must 
be checked regularly to less exacting tolerances. 
With this volume of calibration work general 
throughout the industry, the only practical solution 
is to have calibration equipment at the plant. Return- 
ing the meters for recalibration by the manufacturer 
each month would not only create a shipping 


INSTRUMENT ENGINEERING does not stop with the 
design and installation of instrument systems. It 
must certify the accuracy of the system, and provide 
ways to demonstrate and recheck performance toler- 
ances of the system’s components. 

Not more than ten years ago, about the only 


facilities available to industry for recalibrating flow 
meters were the hydraulics laboratories of the in- 
strument manufacturers. With few exceptions, no 
companies outside the instrument industry had 
primary standards for calibrating meters. 

Because of the large increase in the use of flow- 
meters, particularly by aircraft engine manufacturers, 
more efficient ways of handling the meter calibration 
problem had to be developed. In one engine plant, 
for example, 350 to 400 meters must be checked 
every 30 days to an accuracy of plus or minus .5 
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problem, but also would compel the plant to double, 
or possibly triple, normal inventory of meters to keep 
production moving while one set of meters was 
out of the plant. Furthermore, the danger of rough 
handling in shipment inevitably raises the possibility 
of destroying the calibration of a meter through 
damage to components. 

In answer to this problem, several instrument 
manufacturers have developed equipment for cali 
brating flow meters in the field. ‘Two major types 
of systems have evolved, particularly for meters in 
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flow ranges above 100 Ib per hr. One is the “weigh- 
ing” method; the other, developed mote recently, 
the “standpipe” method. 

In the weighing method the meter is calibrated 
by timing the interval required to pump a known 
weight of liquid at constant temperature and 
viscosity through the test meter. ‘The apparatus is 
essentially a large balance, with a collecting tank and 
weigh pan at opposite ends of a pivoted beam. The 
principle is to measure the time required to collect 
in the tank enough liquid to balance weight at 
the other end of the beam. 

The second method, developed by Victor P. Head, 
director of hydraulics research at Fischer & Porter 
Co., is standpipe, or “weigh-less”, weighing. The 
calibration apparatus may be either purchased com- 
mercially or constructed by the user. 


ratus with automatic timing, a row of tungsten con 
tacts is fused into the inner manometer wall at 
precisely-known vertical spacings. Each of these con- 
tacts corresponds to a specific standpipe pressure 
and, hence, to a specific weight of liquid. ‘The con- 
tacts control the timer circuit, starting the timer as 
the mercury reaches one level and stopping the timer 
when the level reaches any selected higher contact. 
In apparatus with manually-operated timers, the op 
erator follows the rising mercury level visually, start 
ing and stopping the timer with a fast-acting switch 
when the mercury rises between a set of precisely 
spaced slots on the manometer wall. But, regardless 
of the timing equipment, the standpipe principle is 
the same: the weight of liquid collected during a 
measured interval is calculated, not by actually 
weighing the liquid mechanically, but from a known 
change in standpipe pressure occurring during a 
known time interval. 


MERCURY WELL set in bottom of standpipe 
c t | area app ly 144 times 
that of monometer tube. 

EXPLOSION-PROOF SHELL - free volume 
approximately 285 times mercury displacement. 
EXPLOSION-PROOF VENT PLUG 

2" STANDARD PIPE THREADS for conduit 
connection. 

MANOMETER TUBE BELL to prevent mercury 
loss in case of accidental pressure build-up 
in flow system. 

NAMEPLATE to include exact weight of mer- 
cury required. 


The first electrical contact in automatic timing 
calibrators is well up in the manometer tube so that 
the system has ample opportunity to stabilize at a 
constant delivery rate before the calibration run 
begins. The calibration occurs as part of a longer 
time interval during which the system is operating at 
a steady state. The manometer contacts operate the 





Time 
intervols 
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Precisely spaced contacts in mercury manometer 
time the rate of rise of liquid in standpipe. Fig. 2 


THE STANDPIPE METHOD 


With standpipe calibration, the liquid pumped 
during the measured time interval collects in a verti- 
cal pipe of precisely-known uniform diameter. Con- 
nected to the base of this standpipe is a precision 
mercury manometer; the mercury level rises with 
increasing pressure of liquid in the standpipe. Be- 
cause the pressure at the base of the standpipe de- 
pends directly on the weight of the liquid, each 
mercury livel in the manometer corresponds to a 
specific liquid weight. The weight of collected 
liquid is the product of the pressure at the base of 
the standpipe and the cross-section area of the stand- 
pipe. ‘This weight is independent of the density of 
the liquid just as if it had been obtained by actual 
weighing on a scale. By taking into account the 
time interval for collecting any given weight of 
liquid, one obtains mass rate of flow directly. 

In practice, the manometer level is not used for 
a direct reading of standpipe fluid pressure. In appa- 
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electric timers. The timers, actuated through a high- 
resistance electronic relay in a thyratron circuit, 
start when the mercury reaches the contact. 


ACCURACY 


The accuracy of the standpipe method—in any 
flow range above 100 Ib per hr—is higher than any 
other practicable method. An operator familiar with 
the apparatus can check a meter to within plus or 
minus .] per cent of meter scale reading with auto 
matic timing, or to within plus or minus .5 per cent 
with manual timing. These accuracies are consist 
ently obtainable because there are no _ linkages, 
pivots, or other mechanical actions. 

There are no system lags or accelerations from 
frictional or inertial effects that can arise from the 
stop and start movement of large masses. Evapora 
tion losses of the calibration liquid from the col 
lecting vessel, sometimes appreciable in hot weather, 
are kept to a minimum because the standpipe has a 
relatively small cross-sectional area in comparison to 
its height, and is part of an enclosed piping system. 


CAPACITY 


The standpipe calibrator can be designed to handle 
virtually any mass rate of flow desired. Installations 
are in operation that calibrate meters up to 1,000,000 
Ib per hr. Still higher flow ranges are possible with 
standpipes of proper height and diameter and using 
pumps, valves, and flow lines of adequate capacity. 

Other calibration methods are limited to about 
70,000 Ib per hr because of the difficulties involved 
in designing equipment having both the mechanical 
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strength to hold very large volumes of liquid and the 
sensitivity to weigh them accurately. At such high 
capacities, weigh-type calibrators “fill up” in 15 to 
20 sec. Use of the “weigh-less” type permits runs 
of for 1 to 3 min for more dependable calibrations. 


MAINTENANCE 


Allowing for standard maintenance for fuel pump- 
ing and reservoir systems, heat exchangers, etc., 
standpipe calibrators can be maintained easily. Since 
the weighing is done without scales or counter- 
weights, the problems of rechecking certified weights 
and adjusting beam ratios, knife edges, or beam bal- 
ance sensitivities do not arise. 

Figure 1 illustrates the major components com- 
mon to all standpipe calibrators. The locations and 
capacities of components vary in individual installa- 
tions, but the same basic equipment is required for 
all units. The test fuel is pumped from the tempera- 
ture controlled reservoir during the calibration run 
where it returns following the run. 

The design includes compensation for the con- 
tinually increasing back pressure on the outlet side 
of the meter as the liquid level rises in the standpipe 
during the calibration run. This compensation, de- 
veloped in conjunction with the engineering divi- 
sion of Curtis-Wright Corp., is achieved with a dif- 
ferential pressure regulating valve located in the by- 
pass return line connected to the reservoir. This 
valve is actuated by a pressure regulator which senses 


the increasing pressure within the standpipe and 
pneumatically operates the valve to gradually cut 





we 
Pratt & Whitney’s calibration building has three stand- 
pipes sprouting from its roof. The 6 and 10 in. diam 
pipes are 20 ft high; the 18 in. pipe is 30 ft. Fig. 3 
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down the by-pass flow and maintain the differential 
pressure across the hand flow control valves. ‘Thus 
the flow rate through the meter is maintained. This 
arrangement holds the instantaneous flow rate 
through the system to within 4 to 7 per cent of 
preset flow. 

Figure 2 shows the manometer contact arrange- 
ment in greater detail. Contacts are made from 
tungsten and bent downward. 

In addition to stopping the timer at the conclu- 
sion of the calibration run, the upper contact actu- 
ates a dump valve at the base of the standpipe. The 
dump valve releases the liquid collected in the stand- 
pipe and returns it to the reservoir in preparation for 
the next run. Any leakage through the dump valve 
would destroy the accuracy of the calibration. 

To provide a wide range of flow rates for calibra- 
tion, three or more st mdpipes are required. In a 
typical portable stand (pumping equipment, fuel 
reservoir, and standpipe all on a single movable 
chassis) three standpipes having diameters of 4 in., 
10.5 in., and 30 in., cover the entire flow range from 
50 to 50,000 Ib. per hr. Diameter tolerances of the 
pipes vary no more than .02 per cent so that a given 
vertical section holds precisely the same weight of 
liquid anywhere in the pipe. 

Many variations in the layout of this basic equip 
ment have been employed. Regardless of the form 
this equipment has taken, five years of field experi- 
ence has shown that the standpipe technique permits 
flow meters handling up to 600,000 Ib. per hr. and 
more to be calibrated at accuracies that can not be 
approached with any other technique yet developed. 


Behind the calibration panel are the hose connections to 
the meter under test. The bases of three standpipes are 
at the upper left. Fig. 4 
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THE GIST: Magnetic amplifiers 


are among the most useful tools of 
modern control technology. They 
use the magnetic effect of small in- 
puts to modulate large amounts of 
power. 

This article describes the perform- 
ance of several good magnetic am- 
plifier circuits, including two for spe- 
cific servo applications. 

Articles to come will cover the 
newest circuits and most recent ap- 
plications. They will emphasize com- 
posite magnetic amplifiers that gain 
versatility from vacuum-tube and 
transistor pre-amplifiers. 














A SATURABLE REACTOR is an inductor with a satur- 
able ferromagnetic core, utilizing the nonlinear mag- 
netization curve of a ferromagnetic material. In its 
simplest form a reactor consists of a closed magnetic 
core linked by two windings, Figure 1. The gate 
winding, connected in series with the load and a 
source of ac power, constitutes a variable impedance. 
The effective impedance of the gate winding can be 
varied by a current injected into a second winding, 
the control winding. Thus the load current and 
power to the load can be controlled. 

If the reactor is wound on a core of ferromag- 
netic material with a magnetization curve as shown 
in Figure 2, the inductance of the power winding 
will vary as a function of the de-magnetization level 
set by the control signal. 

With the circuit shown in Figure 1, undesirable 
ac voltages are induced in the control winding. 
Unless a high impedance is in series with this wind- 
ing, the reactor behaves like a transformer with 
short-circuited secondary. Moreover a control wind- 
ing of many turns would result in high induced 
voltages with accompanying insulation problems. 

These difficulties can be avoided by using the 
three- or four-legged reactors shown in Figure 3. 
With these balanced arrangements, there is no net 
voltage of fundamental frequency induced in the 
control winding. Thus, insulation and_ short-cir 
cuiting problems do not arise. 

The two coils, N,, can be in parallel but this type 
of connection results in a longer time constant. This 
discussion will be limited to the series connection. 

By the use of rectifiers and positive feedback ar- 
rangements, high-gain high-performance magnetic 
amplifiers can be constructed around: the basic 
saturable reactor element. The saturable reactor 
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6 STRONG POINTS OF MAGNETIC AMPLIFIERS 


Since the primary elements consist of magnetic cores with their associated 
windings and dry-plate rectifiers, magnetic amplifiers can be expected to 
give long and dependable service. There are no filaments to burn out, no 
moving parts or contacts to wear. 





They withstand shock and vibration and are less liable to unexpected failure 
than vacuum tubes. Spare parts requirements are less rigid, and main- 
tenance is reduced. 





They use ac power and so need no dc supply for the power circuits. This 
may be a disadvantage where only dc is available. 





Instantly ready for use. Standby requirements are reduced. 





Can be designed to operate with a wide range of input circuit impedance 
levels. Can be operated at low voltages. 





Input and output and multiple-input circuits are isolated from each other. 


Units are ideally suited to mix signals. 





alone, Figure 4, can be used also in many applica- 
tions that don’t need high gain. Combinations of 
these basic elements can give the phase-reversible 
output to operate an induction-type control motor 
in a positioning system. One arrangement used this 
way, Figure 5, is known as a saturable transformer. 

Other aspects of the basic reactor are that the 
output can be rectified to supply dc to the load, and 
additional control or bias windings can be used to 
add or subtract several input signals. 


PERFORMANCE CHARACTERISTICS 


When wound on a high-permeability core, the 
saturable reactor of Figure 3 is a constant current 
device that tends to produce an average ac current 


De 
control 
signal 


I Gote 


Control ‘= 
winding ON, winding 


o— 





L iui 
Load 
current 


Elementary saturable reactor. DC control signal regulates im- 


pedance of gate winding and power to load. Fig. 1 


Normal magnetization curve of silicon steel, neglecting hyste- 
resis. Shows how incremental permeability, and hence induc- 


tance, will vary as operating point on curve. Fig. 2 
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directly proportional to the de control current, [.. 
This relationship can be expressed. 


Nele = Nele (1) 


This equation is exact for idealized materials hav- 
ing the magnetization characteristics shown in 
Figure 6 and is closely approached by practical re 
actors wound on high grade cores. Thus, if the 
gate winding turns are equal to the control turns, 
the load current equals the control current, Figure 7 
The output current of a saturable reactor in its 
linear region is almost independent of the load and 
is not sensitive to the polarity of the control signal. 

‘The power gain, K, of a magnetic amplifier is, by 
definition, the change in load power divided by the 
change in control power required to produce it. 
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Balanced reactor designs. Three-legged, (A), and four-legged, 
(B), insure cancellation of fundamental frequency. Fig. 3 


Load power change 
Signal power change 


(ale)*Rak? 
(al.)?(Ry + Re) 
where 
R, = load resistance 
R; = external forcing resistor in series with control winding 
R, = control winding resistance 


k; = form factor of load voltage. (varies from 1.1 at full 
output to about 1.5 at low output values) 


Al, = load current change 


al, = control current change 


The output response of a series-connected satu- 
table reactor to a change in control current is prac- 
tically instantaneous. But because the control wind- 
ing is an inductive element, there is a time lag 
between the application of a voltage to the control 
circuit and the flow of control current. The time 
constant, T, is proportional to the effective control 
winding inductance, L,, divided by the total re- 
sistance of the control circuit. 


L. ‘ 
~ Ry +R. @) 

Increasing the resistance in the control circuit 
proportionately reduces the time constant. This 
applies until the time constant approaches the pe- 
riod of the supply voltage. 

Since an increase in the control circuit resistance 
reduces the time constant, it is possible to improve 
amplifier response within limits by increasing the 
value of the forcing resistor, Ry. Although this sacti- 
fices some power gain, the ratio of power gain to 
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Toroidal reactor, (A) and three-legged reactor, (B). These are 
the basic building blocks of magnetic amplifiers. Fig. 4 


time constant remains constant. 

In a given reactor, power gain is proportional to 
ac supply frequency. ‘The time constant is expressed, 
therefore, in cycles of supply voltage rather than in 
seconds. ‘This leads to a widely used figure of merit 
for magnetic amplifiers; the ratio of power gain 
to time constant measured in cycles. For a simple 
series saturable reactor this ratio is about four. 

The wave form of the gate current or load volt- 
age of a saturable reactor is nonsinusoidal except at 
the fully saturated condition, Figure 8. This distor- 
tion is most pronounced with sharply saturating 
square loop core materials and is inherent in satu- 
table reactor operation. Prior to saturation the out- 
put current is essentially the magnetization current 
of the cores and therefore is small. When the core 
flux reaches saturation, the core inductance drops 
nearly to zero, and almost full supply voltage appears 
across the load for the rest of the half cycle. 


FEEDBACK TECHNIQUES 


A positive current feedback increases the power- 
gain-to-time-constant ratio of a simple saturable re- 
actor. The load current is rectified and fed back 
to a winding that is concentric with the control 
winding. Therefore, the signal current required to 
produce a given load current is reduced. 

Figure 9 shows a magnetic amplifier with a feed- 


back winding. The expression relating control 
ampere-turns to load ampere-turns now becomes: 


Nol, = Nelle + Nyy (4) 


where N; equals the number of feedback turns. The 
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Saturable transformer. Output phase reverses depend- 
ing on which control winding is energized. Fig 5 


ampere turns gain, m, becomes 


Nole 
V1 


where 


ae “) 
hus, the use of N; feedback turns per core increases 
the power gain by a factor m’. On the other hand, 
the time constant is increased by a factor of only m. 
Ihe figure of merit with feedback is increased also 
by a factor of m, and the ratio of power gain to time 
constant In cycles 1S approximately 4m. 

I'he above relationships, based on idealized core 
materials and perfect rectifiers, indicate that when 
N, equals N, the gain of the amplifier will be infi 
nitely high. This is not true since with practical 
core mz hostels. when N, equals N, the signal current 
must supply the magnetomotive ‘force necessary to 
saturate the core. The effective feedback is reduced 
also by any leakage in the rectifiers. 

In practical magnetic amplifiers, Figure 10, typical 
usable values of m are between 100 and 1,000, 
resulting in figures of merit up to several thousand 
per cycle. ‘The addition of feedback makes the 
amplifier polarity sensitive, since the gain is high 
when the feedback is aiding the control signal and 
low when bucking, Figure 11. 

Self-saturation gives as good performance as the 
100 per cent feedback arrangements. In self-satura 
tion circuits high gains and high figures of merit 
come from use of rectifiers in the gate winding. 
Reversed current flow is prevented and control can 
be obtained by supplying only sufficient control 
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Flux density, B 





Field intensity, H 





idealized magnetization curve. Small change in field 
intensity makes large change in flux density. Fig. 6 


Ac load current 








—~<— Negotive Oc contro! current Positive —> 


Transfer characteristics of reactor. Load current varies 
with magnitude of signal but not with polarity. Fig. 7 





Supply voltage 








Low output 





Half output 





Full output 











Load current of saturable reactor at various firing angles. 
Load is resistive. Fig. 8 








Amplifier with external feedback. Rectified load current 
adds to the control signal to increase gain. Fig. 9 
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current 











< Negative Control current Positive > 
Output versus input characteristic for a 
magnetic amplifier with external feed- 
back. Unit is polarity sensitive. Fig. 11 


Commercial version of a hermeti- 
cally-sealed, push-pull adjustable 
magnetic servo amplifier. Fig. 10 
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Self-saturating circuits. (A) shows a doubler circuit for ac out- 
put, while (B) shows a full-wave circuit for dc output. Fig. 12 
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Reset circuits. (A) shows a basic half-wave amplifier of the flux resetting type. 
(B) is a half-wave magnetic amplifier with variable resistance control. Fig. 13 
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ampere-turns to saturate the core. 
two typical circuits. 


Figure 12 shows 


RESET CIRCUITS 


Magnetic amplifier circuits have been developed 
that have response times of one-half to one cycle 
of the carrier supply. These consist of half-wave, 
self-saturating elements so arranged that the output 
delivered to the load during the gating half cycle 
is determined by the level to which a voltage signi al 
has preset the core flux during the preceding “reset” 
half cycle. Effectively decoupling the control and 
gating circuits combines both power gain with fast 
response. Either ac or de control signals can be used. 

Circuits of this type, Figure 13, are useful in 
many applications. Fast response and possible cir- 
cuit simplicity are advantages. But the maximum 


SERVO APPLICATION 


‘The simple saturable reactor is suitable for many 
applications where a high ratio of power gain to 
time constant is not necessary. This type is smaller, 
simpler, and cheaper than high-performance reactors 
with feedback and should, therefore, be used where 
its characteristics fit the application. Many control 
systems, however, demand high-gain, fast-response 
amplifiers to combine accuracy with stability and 
suitable performance under dynamic conditions. 


Sensitivity 


Present day commercial magnetic amplifier cir- 
cuits are suitable for operation from signal sources 
able to supply input power of the order of 10~* 
watts. Laboratory models are sensitive to 10~'™ 
watts, but these are not ready for production. Signal 
power of 10-8 watts or more can be obtained from 
many of the commonly used transducer elements 
such as synchros, resistance potentiometers, tachome- 
ters, generators, tuned circuits with normal-size com- 
ponents, and phototubes. 

Where the minimum signal level is lower than 
10-8 watts, vacuum tube or transistor preamplifiers 
can be used in combination with magnetic amplifier 
output stages. This permits the high amplification 
of low level signals in combinations that still exhibit 
the basic advantages of magnetic amplifier systems. 


Time Constant 


Feedback circuits with a reasonably high gain per 
stage are available with time constants not exceed- 
ing a few cycles of carrier frequency. In most servo 
and regulator applications, time delays of this mag- 
nitude have no significant effect on system per- 
formance. Usually time lags associated with portions 
of the system external to the amplifier, such as the 
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power gains are lower than in the feedback and 
self- saturating types previously described. 

Reset circuits can be constructed with one-half 
the number of core loops required for the more 
conventional circuits. For example, a phase-revers 
ing ac output can be got with a single pair of toroidal 
cores. However, voltages of fundamental frequency 
are induced in the control circuits of the half-wave 
amplifiers, and precautions must be taken to prevent 
the flow of excessive currents caused by these induced 
voltages. This can be done with blocking rectifier 
arrangements or high impedance control circuits. 

Power gains of 100 to 1,000 per stage can be 
obtained with the flux resetting type of amplifier. 
The gain is generally lower than that of the con 
ventional circuits, because the control circuit must 
supply enough energy to reset the core flux oncc 
per cycle of. the supply. 


FACTORS 


inertia of a mechanical system or the electrical time 
lag of an inductive element, are the primary limita- 
tions on system performance. 


Servo Stabilization 


In servo and regulating systems using magnetic 
amplifiers, the stabilization techniques commonly 
used in electronic systems are applicable. 

Compensating networks to introduce phase lead 
or lag are suitable in magnetic amplifier systems. 
The relatively low impedance levels usually encoun 
tered with magnetic amplifiers may result in large 
capacitance values in R-C networks. Recent im 
provements in low-voltage high-microfarad capaci 
tors have made such networks practical. Also useful 
are networks using inductive elements specially 
designed to operate with magnetic amplifiers. 

Damping signals proportional to the rate of change 
of the output or to higher order derivatives are 
frequently used to improve servo system perform 
ance. Magnetic servo amplifiers are well suited to 
this technique because the stabilizing signal can be 
fed into separate control windings with no problems 
of isolation or mixing. 

Viscous or friction dampers also can improve servo 
system stability in magnetic amplifier systems. 


Isolation 


Since the control windings of a magnetic amplifier 
are separated from each other and from the load 
circuit windings, problems of electrical isolation and 
grounding are minimized. Multiple control signals 
can be used and the polarity of an input signal is 
easily reversed. 

Figures 14 and 15 show typical servo applications 
of magnetic amplifier circuits. 





MEDIUM-POWER POSITIONING SERVO SYSTEM FIG 





SYSTEM SPECIFICATIONS 


Magnetic Amplifier 
Characteristics 
Output Power 
Supplv 
Size 103x203x8}3 in. high 
Weight 90 Ib 


Stabilization 


650 w 


Servo System 
Characteristics 


Motor Diehl ‘Type 
motor. Mechanical 
output 200 w 

Synchro input 1G 

Synchro follow-up 1CT 

Motor to synchro gear ratio 200 

Static accuracy 1 deg (1 v RMS) 

Velocity constant 80 deg per sec per deg 


Natural frequency approximately 2 cps 


Magnetic 
amplifier 


element. 


Magnetic amplifier controls a two-phase induction servo- 
motor capable of delivering 200 watts to the load shaft. The 
synchro follow-up system produces an alternating current error 
signal with a magnitude proportional to the angular displace- 
ment between the output and input shaft positions, and a 
phase angle of either 0 deg or 180 deg with respect to the 
supply, depending on the direction of the displacement. 

This signal is fed to a phase-sensitive demodulator that gives 
a dc output proportional to the magnitude of the ac input 
signal with a polarity depending on the phase of the input 
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Model MA-1701 


115 v, 60 cps, single phase. 


Rate feedback from tach. 


ZP105-2212-1 
low inertia two-phase servo 
power 


‘15 volts 
60cps 


115 volts ? 


60 cps 
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Push-Pull mtd 


Magnetic 

Amplifier 

Model MA-I701 J pote 
/ 


Mfg. Co 
2P-105-2212-1 











/ Sh eS Eastern Air 
3 Devices 


Geor Train . 
+ 200:1 type J-36A 


Risnias-tien-anpecel 


signal. The demodulator output drives a two-stage magnetic 
amplifier that supplies a phase-reversible voltage to the control 
windings of the motor. Thus the load shaft is driven to a 
position corresponding to input shaft position. 

The dc permanent-magnet tachometer coupled to the 
motor produces a signal proportional to the speed of the out- 
put shaft. This speed signal is fed into a winding of the pre- 
amplifier unit to damp the system for stable operation. 

Servo systems of this type have been used in antenna train- 
ing systems, stable platform drives, and machine tool controls. 
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HIGH-PERFORMANCE SYNCHRO SIGNAL ADAPTER | 


--@,, /nput Supply 
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wae ee --—————------Synchro Date Output 


Block diagram of system 


System repeats angular input data—supplied in the form of 
a three-wire synchro signal—with a minimum of position, 
velocity, and acceleration error. The unit repeats the input 
data to five output busses by a servo positioning system that 
positions a shaft coupled to output synchro transmitters in 
accordance with the input data. 

The angular position of a synchro transmitter rotor deter- 
mines the voltages induced between the stator leads. These 
leads connect to a control transformer that is geared to a 
control motor. A signal indicating the difference in angular 
position between the synchro transmitter and the synchro 
control transformer is fed as an error voltage to the input 


PERFORMANCE SPECIFICATIONS 


Supply voltage 
Supply frequency 
Input data shaft position 
Static accuracy 0.2 deg 
Maximum following speed 450 deg per sec 
Error at constant velocity 
inputs at 20 deg per sec, 0.3 deg 
at 120 deg per sec, 0.5 deg 
at 300 deg per sec, 1.5 deg 
Settling time after introduc- 
tion of 90 deg step 
Natural frequency 
Maximum amplitude ratio 
at natural frequency .... 1.3 
Phase lag, output to input, 
with sinusoidal input of 
10 deg amplitude at 5 cps 15 deg 


less than 0.5 sec 
6 cps 
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terminals of the pre-amplifier. ‘The pre-amplifier supplies a de 
output proportional to the magnitude of the error voltage with 
a polarity depending on the phase of the error signal. This 
output feeds the power amplifier, which drives the control 
motor in a direction to reduce the angular differences between 
the synchro transmitter and the synchro control transformer. 

A lead network between the pre-amplifier output and power 
amplifier input suppresses system oscillation. 

Five synchro transmitters are geared one-to-one to the 
follow-up control transformer. Their phase voltages track the 
angular position of the synchro control transformer and thus 
repeat the position of the synchro transmitter shaft. 


Complete system 
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lI—SERVOMECHANISMS 


jineering 


autopilots, 


and 


machine tools, governors, 


electric-motor drives, you must analyze each as a 
complete feedback control system. This article eval- 
vates the books that can help you master the theory 


and practice of servomechanisms 


THOMAS J. HIGGINS, University of Wisconsin 


THE BOOKS On servomechanisms divide into two 
groups. ‘The first covers mathematical theory and 
discusses practice primarily to illustrate theory’s use. 
In the second group most of the books emphasize 
practice; the theoretical treatment is secondary. 


EMPHASIS ON THEORY 


The engineer seeking an introduction, a review, or 
an upgrading in the basic theory of servo systems 
can choose from nearly a score of books written in 
English. These differ in the range of mathematics 
necessary to assimilate their contents. 
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Trimmer,” and by 


Lauer, Lesnick, and Matson,) by 
v Thaler® introduce the fundamen- 
tal concepts, require limited mathematical knowl- 
edge, and give a good briefing preliminary to the 
study of more comprehensive texts using complex 
variable and integral transform analysis, the major 
mathematical tools of feedback control theory. 
More comprehensive texts subdivide into two cate 
gories: those using the older {@, KG] notation and 
those using the more recent, AIEE-recommended 
lc, r, G| notation. In the first category is the book 
by Hall,* the predecessor of the well-known texts 
by Ahrendt and Taplin,® and by Brown and Camp- 
bell.* In turn, the influence of the Brown and C Jamp- 
bell text is discernible in the books by Porter,? Mac- 


The books by 
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millan,’ West,® Thaler and Brown,’ and Nixon." 
Of these texts, Brown and Campbell’s is the “clas- 
sic.” Porter's is an excellent “pocket-size” summary. 
Macmillan’s and West’s are written for use in Brit- 
ish engineering schools. Nixon’s is particularly use- 
ful for the practicing engineer who wants a basic 
knowledge of servo theory through self-study. And 
Thaler and Brown’s is an easily-read text containing 
some material not found in the others. 

Among the books using the newer notation, that 
by Chestnut and Mayer’ is a solid, detailed, well- 
integrated work written with authority by men who 
have long been intimate with the development and 
design of feedback control systems through their 
daily work at the General Electric Co. Since publi- 
cation of their first volume in 1951, I have success 
fully used it as a textbook for a basic course in servo- 
mechanism theory. Having read the second volume 
in manuscript, I anticipate its ready acceptance when 
published. The just-published book by Fett," 
evolved during several years of teaching at the Uni- 
versity of Illinois, is a fine, less-detailed account at 
about the same level. The forthcoming book by 
Truxal™ will add a third high-level text to this 
group. Finally, the revised text by Ahrendt and 
Taplin’® is an easily-read, lower-level one, particu- 
larly useful for self-study. It contains several highly- 
descriptive chapters illustrative of certain specialized 
areas of feedback control practice. 

Of the French books, Nasse’s!® is elemental. Nas- 
lin’s'? parallels the more advanced American texts 
and includes some material especially applicable in 
actual design. And the two-volume work by Colom- 
bani and others'® provides a good survey of basic 
theory, buttressed by examples of typical uses of 
servosystems in French armed-services equipment. 

Among the German texts, the one by Oldenbourg 
and Sartorius (see references 4, 5, 6 of the first 
article of this series in the November "54 issue of 
Controt ENGINEERING) provides the most exhaus- 
tive account of basic theory. Those by Juillard- 
Ollendorf,1® Seidl,2°*1 and Leonhard??:2* are con- 
cerned mainly with the control of electric machines. 
And those by Strecker?*:?526 essentially deal with 
feedback amplifiers. A reader of the last of the two 
books by Leonhard** and by Strecker®* ought to fol- 
low or precede them by reading the excellently- 
integrated, well-illustrated account of the bases of 
the feedback control of electric machines and of 
electronic amplifiers recently produced by Peters.27 

The Swiss texts by Profos?® and by Hianny?*3° 
offer a wealth of numerical examples of the analytic 
possibilities inherent in frequency-response plots. 

Well-detailed works by Domansky,*! Voronov,®” 
Bloch,** Sokolow** and Solodonikoff,®* together with 
numerous other Russian texts known (but not avail- 
able) demonstrate the independence of develop- 
ment, originality of approach, and rapidity of ad- 
vance in theory which characterizes modern Russian 
work on feedback control theory, The advances are 
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As early as his junior year at Cornell University, author 
Higgins set his mind on becoming a teacher. He has never 
swerved from this through sixteen years of teaching, including 
four years as an instructor while he earned his doctorate in 
electrical engineering at Purdue. He has taught courses cover- 
ing virtually all the modern undergraduate curriculum in elec- 
trical engineering. Moving to Wisconsin in 1948, he formed 
five new graduate courses, which include both basic and 
advanced servomechanism and automatic control theory. 


especially marked in the nonlinear and _ statistical 
techniques, which are of great current interest to 
American engineers. Thus the control engineering 
field should be kept informed of Russian work, 
particularly as reported i in the excellent, but hard-to 
obtain, periodical “Automatika and Telemekanika.” 

Finally, the books by Samukawa,’ ’ 'Takahashi,37,** 
Ditto,2® and Izawa,*® and several aida journals 
—mostly in Japanese—reflect another active group of 
theorists. Their work can be expected to permeate 
Japanese industry rapidly under the influence of the 
recently-formed Japanese Society of Automatic Con 
trol Engineers, which has alre: idy enrolled more than 
1,000 members. 

Feedback-control theory has now expanded to the 
point where books detailing special domains of the 
theory are worthwhile. Thus, the root-locus method, 
an effective graphical technique of st ibility analysis 
and system synthesis is excellently covered in a recent 
book by Evans,*! its developer. 

Again, the phase-plane method for the graphical 
investigation of second-order non linear control 
systems, treated a decade ago in one chapter of 
MacColl’s*2 book, is exploited in full in the ad- 
mirable work by Fliigge-Lotz.‘* She got her initial 
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experience with the phase-plane method as a mem- 

ber of the group that used it to analyze the on-off 

controls in the early German wartime guided mis- 

siles. Finally, the power of the statistical approach 

to the analysis and synthesis of control systems, ini- 

tiated by Wiener** and treated in the text by James, 

Nichols, and Phillips,** is fully evidenced in the 

recent books by Pelegrin*® and by Solodonikoff.*® 
In a somewhat different vein, the control engineer 

can now get several books useful in the design and 

realization of particular types of servo sy stems: 

> Greenwood? and Deerhake and ase on the 

theory and design of instrument (“small”) servo- 

mechanisms, 

> Ahrendt*® and Chestnut and Mayer '*‘¥°*) on 

general components and laboratory testing, 

> Cockrell®® and Kloeffler® on electronic circuitry in 

control, complemented by Miller®? on maintenance 

of electronic-control circuits, 

> Tustin®* and Adkins and his collaborators®* on 

straight-field and cross-field de machines, 

> Crow® on the ubiquitous synchro, 

> Geyger®* on magnetic amplifiers and their variants. 


EMPHASIS ON PRACTICE 


An unusually fine account of airplane control 
(with obvious connotations in autopilot and guided- 
missile work) is in the recent book by Duncan,** 
whose long experience and many significant contri- 


butions to aeronautical engineering recently gained 
him the 1954 Silver Medal of the Royal Aeronauti 
cal Society. 

The engineer interested in the control of hydraulic 
turbines will find a wealth of analysis in the recent 
books by Gaden** and by Evangelisti,®® respectively 
Swiss and Italian engineers of exceptional profes 
sional achievement in hydraulic turbine engineering. 

The theory and practice of controlling steam en- 
gines, steam turbines, internal combustion engines, 
and boiler assemblies has long been studied by Eu- 
ropean engineers. The steady development of the 
subject and the continually increasing emphasis on 
analytic theory in design techniques can be traced 
in a series starting with the early books by Tolle® 
and Bauersfield;*! progressing through the subse. 
quent texts by Stein,®? Danninger,®* Fabritz,** Ri- 
baux,®* Schiifer,** Schonfeld,** and ending with the 
recent Russian work (in its German translation) by 
Gerassimow and his associates.**° The books by Fa- 
britz, Ribaux, Schafer, and Schonfeld describe mod- 
ern continental practice. The book by Gerassimow 
is an up-to-the-minute, excellently-written, well- 
integrated account (superior to anything I know of 
in English) of the analytic theory and industrial 
practice of boiler control. 

The engineer interested in electric-motor control 
has a complementary set of books in those by 
Jones,®® by Harwood,” and by James and Markle.”! 
The first provides an analytic account of the theory 
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of electric motor control. The pnime emphasis is on 
open-cycle systems, but the chapter on the basic 
theory of feedback control introduces the practicing 
engineer to subsequent reading of one of the texts 
mesitioned in the section on Theory. The second 
and third volumes describe in detail motor-control 
systems in industry, with heavy emphasis on descrip 
tions of the apparatus. 


MISCELLANEOUS 


There is much excellent material in the volumes 
“Servomechanisms’?? and “Automatic and Manual 
Control”.** These are collections of individual pa 
pers, rather than integrated books. ‘The first com 
prises a number of interesting research reports on 
work conducted under the British Ministry of Sup 
ply during development of control systems for the 
armed services. ‘The second encompasses the papers 
(and discussions ) delivered at the International Con- 
ference on Control at Cranfield, England, in 1951. 
It demonstrates the status of control theory at this 
date (1951) and contains, in English, much conti- 
nental material for design (such as Dzung’s crite- 
rion) that has not yet appeared in American books. 
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Current Troubles With Chlorine 


The magnetic amplifier is the proper answer for regulating the 


enormous amounts of de produced by chlorine cell rectifiers 


J. P. SMITH and 
C. RETTIG, General Electric Co. 
J. S. MARR, Wyandotte Chem. Corp. 


The manufacture of chlorine is an 
electrochemical process. As do other 
continuous chemical processes, it re- 
quires careful control of the process 
variables for best process performance. 

Two raw materials feed the chlorine 
cell line brine and electric current. 
The raw brine is carefully purified. 
Its concentration is suitable for the 
cells being used and their rate of pro- 
duction. It is held at precisely the 
right temperature until it is intro- 
duced into the cells. The direct cur- 
rent that carries out the reaction must 
also be controlled. 

Temperatures, pressures, concentra- 
tions and other process variables must 
be carefully regulated to keep the 
chlorine cell line “on stream”. But 
only the reasons for holding constant 
current through the cells, and a tech- 


tion in de voltage, unless corrected. 

Cell current is very sensitive to 
changes in de voltage. For example, 
a typical cell may have a “decomposi- 
tion potential” of 2.3 volts. With 
rated current, the IR drop and pol- 
arization at the electrodes may re- 
quire a potential of 3.5 volts across the 
cell. Applied to a 156-cell chlorine 
line, this would mean that 600 volts 
would be required at rated current. 
At 360 volts, no current would flow. 
Thus a 100 per cent change in cur- 
rent occurs with a 33 per cent change 
of voltage. A 6 per cent voltage change 
could cause 15 to 18 per cent change 
in cell current and hence in rate of 
production. 

By bridging with a shorting switch, 


13,500v incoming line 


a cell can be opened for inspection or 
repair. With a cell out, current in the 
entire cell line will rise if the bus 
voltage remains constant. The produc- 
tion rate of all cells left in operation 
will increase. 


RESULTS OF CURRENT VARIATION 

Variation in current and in chlorine 
output may not seem critical to the 
electrical engineer. Perhaps that is 
why many rectifier installations still 
lack automatic current regulation. But, 
let’s see what it means to the process 
engineer. 

Here are a few of the problems that 
arise from variations in cell current in 
an otherwise stable chlorine plant: 
>In a diaphragm type cell, the con- 
centrations of caustic soda and brine 
in the effluent are kept about equal. 
Higher NaOH concentrations can 
cause formation of oxygen in the 
chlorine chamber and deterioration of 
the chlorine-producing anode. Varia- 
tion in current destroys balance. 
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nique for current control on mercury- 
are rectifiers are discussed here. 

In a typical chlorine cell line with 
rectifier power supply, ac power is 
transformed to 600 to 750 volts, and 
rectified by one or more mercury-arc 
(ignitron) rectifiers. 10,000 to 30,000 
amperes de flow through the chlorine 
cells, which are in series. Several fac- 
tors can change the dc bus voltage and 
hence alter the cell current. 


4980v control power 





Rectifier transfomer 
+ 


<> 
fs 3? 


Rectifier 40 bs ° 
788v- 
Ce a ee 


\39498kw OY 
3448 kw. 


[ —— 
; shift 
Reference excitation 


U circuit 
Shunt 


Control 60000 
rheostat 100 mv 


Control power 

transformer 

13,5007 80v 27 
Pe 











FACTORS AFFECTING CURRENT 
Voltage of the ac system is likely to 
vary considerably because of changing 
load on the system, improper voltage 
regulation at the power house, 
changes in the load or generation pat- 
tern on a large interconnected ac sys- 
tem, or just poor voltage regulation 
on a plant feeder. An unregulated rec- 
tifier inherently passes along ac volt- 
age fluctuations into the de circuit. An 
ac voltage variation from 113 to 119 
volts at the potential transformers is 
not uncommon on some systems and 
could very well cause a 6 per cent varia- 
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Typical rectifier equipment for chlorine manufacture, showing Amplistat 
current regulator. Feedback signal is obtained from a de current measur- 
ing reactor, CMR. Fig. 1 
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PA reduction in current permits 
slight cooling of all the cells. ‘Though 
the temperature of the brine feed is 
closely held, there is further heating 
of the brine in the cell due to the 
current flow. ‘This slight temperature 
reduction, affecting the negative tem- 
perature coefficient of the cells, in- 
creases resistance and causes a further 
reduction of cell current over a period 
of several minutes. A current increase 
has the opposite effect. 

P On mercury cells, such as the De- 
Nora cell, an increase of current raises 
the production rate of chlorine and 
hydrogen. It also increases the amal- 
gam concentration in the mercury 
flowing from the cell line. Current in- 
crease Can cause impure mercury to be 
returned to the cell line. 

> Compressors remove the chlorine 
and hydrogen from the cell room 
manifold. ‘The compressor rate should 
change when the current change oc- 
curs. A current increase can cause 
excess pressure to build up in the 
manifold and cause a leak. Or a re- 
duction in current can reduce pres 
suze and permit air to enter. Much 
product can be lost or degraded by this 
one factor. 

> A reduction of chlorine delivery will 
permit the refrigeration plant to 
liquefy practically the entire chlorine 
delivery, and hydrogen in the “non- 
condensables” may reach a hazardous 
concentration. 

> Where the chlorine passes directly 
to a continuous process, such as a 
hydrochloric acid plant, variations of 
feed rate greatly complicate the prob- 
lem of control. 


CELL CURRENT REGULATION 

Amplistat (magnetic amplifier) reg- 
ulators control current in a group of 
rectifiers recently installed by Wyan- 
dotte Chemicals Corp. The motor- 
operated regulators on older rectifiers 
built in 1942 were replaced with this 
same static regulating circuit to speed 
response for parallel operation with 
the new rectifiers. 

The regulating system shown in 
Figures 1 and 2 includes much more 
than the Amplistat, which simply 
matches the current signals to, the 
rectifier phase-shift circuit. ‘The Am- 
plistat provides a completely static 
regulating system without relays, mo- 
tors, or hot-cathode tubes. 


AMPLISTAT SYSTEM 


As shown in Figure 2, the regulat- 
ing system for each rectifier consists 
of the stablized reference voltage, the 
Amplistat, the rectifier with its mag- 
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Complete diagram of control system shows its simplicity. 
It has no moving parts or hot-cathode tubes. Fig. 2 
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E, = Applied ac voltage 
Ig = Load current 


Eag * “Internal voltage” of 
rectifier 


I,= Actuating error 


Gain characteristics of Amplistat regulator used with 4,375 ampere rectifiers. Fig. 3 


netic phase-control circuit, and the 
de current-measuring reactor, CMR. 

Figure 3 is the current regulating 
loop for one rectifier. ‘This single- 
loop diagram describes the behavior 
of each rectifier under normal condi- 
tions. This assumes that all rectifiers 
feeding the cell line have similar cur- 
rent regulators, and that the change 
in bus voltage caused by a small 
change in current on the one rectifier 
is negligibly small. 

A regulating system could also par- 
allel all rectifiers on a cell line and 
control them from a single regulating 
circuit. Such a system would regulate 
current with the same accuracy, while 
requiring a fraction of the loop gain 
needed by individual circuits. The 
lower gain makes stabilization easier. 
But such a system increases the com- 
plexity of interconnections and sacri- 


fices something in reliability. Indi- 
vidual regulators were installed at 
Wyandotte, and would generally be 
recommended. 


REGULATING ACCURACY 


Ihe regulators at Wyandotte hold 
the rectifier current within plus or 
minus one per cent of the rated 4,375 
amperes for line voltage changes of 
plus or minus 64 per cent or an equiv- 
alent load change. Without regula- 
tors the corresponding current change 
would be about 16 per cent. 

The settling time for these regu- 
lators is less than ;sth of a second. 
Within this time, switching transients 
will drop to 5 per cent of their in- 
itial value. Although high response 
is not essential to the electrochemical 
process, it does benefit the electrical 
equipment. 
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How to Select Governor Parameters 
with Analog Computers 


ELDO C. KOENIG and WILLIAM C. SCHULTZ, Allis Chalmers Mfg. Co. 


The governor system shown in Fig- 
ure | is unstable for certain values of 
spring constant, K,, and viscous damp 
ing coefficients, K,. For other values, 
load-disturbance correction is slow. 
The problem: find the optimum values 
of K, and K,. The attack illustrates 
one method of systems analysis. The 
sequence: 

P Write descriptive equations. 

P Insert the operators from the equa 
tions into a block diagram. 

> Make a direct transformation from 
the block diagram to a computer cir- 
cuit. 

® Vary the regulator's parameters and 
observe the solution on an oscilloscope 
or on a recorder. 


Mathematical Relations 
Relative flyball displacement, Ay, is pro- 
, 1 
portional to speed, or Ay = —,- An. 
Ky 


° 2 a +h 
Pilot valve motion, Az, = Ay—- 
a 1 


where 2, is the spring displacement. 


Gate velocity, = K;Az 
ea 

The turbine is a single one supply- 
ing an independent load. Because the 
load is purely resistive and has instan 
taneous voltage regulation, power is 
independent of speed, and the turbine 
torque varies inversely with speed. The 
turbine efficiency is constant for small 
speed, head, and gate-opening varia 
tions. Because the water and piping 
are inelastic, only the water's inertia 
need be considered. 

The equation for the water accelera 
tion is 


dh nm ag 
dt Pi dt * h, 


— 0.5T, 
where T, = penstock time constant 
and the equation describing the ma- 
chine acceleration is 


dn 
™ dt 
where 7’, = machine inertia 
h = relative water head = Ah/h 
L = relative load = AL/L. 


Tn, =9 +1.5h —L, 
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The equation for the 
mechanism is 


feedback 


Az, — Ag _ d 


Ag — A% € 


dAx, 
dt’ 
describing the force balance between 
the spring and the dashpot. 

Several manipulations are performed 
on the equations before the computer 
is set up. The first three are used as 
they stand. In the equations for ma- 
chine and water acceleration, eliminate 
h and solve for n. Then 


Kk, A ad =@€ Ke 


eliminate 


x, and solve for Ax, in the equations for 
the feedback mechanism. The 
tions then have the form 


Aw fe Ke Pp , 
1 @K:| 1 + pr.) ” 


where p is the operator 


equ l 


d 
dt’ 
ek 


Te" OK,’ 


2 OF t= pr. 


Figure 1 illustrates the governor. 























dashpot 


Wi 








l 
Pilot valve 














Regulating _ _ | = 





cylinder-~ — Gates close 


Gotes open 











Woter flow ——~ 


l Turbine 





Following an increase in generator load 


> Speed, n, decreases. 


> Flyballs move in. Points 1 and 2 and attached pilot valve 


move down. 


> Piston movement directs oil flow as shown by arrows. 
> Regulating cylinder piston moves to right, opening gates. 
> Vertical rod connected to lever arm f moves down, dropping 


point 2. 


> Because point 4 canont move until speed accelerates, point 1 


and pilot valve rise. 


> Pilot valve closes, stopping oil flow. Regulating cylinder and 


gate stop. Fig. 1 
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Block diagram of turbine governing system. The mathematical 
operation indicated in each block is performed on the input to 


that block. Fig. 2 
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The analog computer circuit evolves from the system block 
diagram. It is made up by plugging together standard units. Fig. 3 


The equations describe its operation. 
The block diagram is a functional way 
of writing the equations. It is a useful 
roadmap for visualizing what takes 
place mathematically. ‘The computer 
diagram is obtained directly from it. 

The pilot valve has some nonlineari- 
ties. They are: 

(1) Valve lap—the initial move- 
ment of the piston does not open the 
port to flow oil. Consequently the 
regulating piston does not move. 

(2) The pilot valve can move be- 
yond the point where the port is com 
pletely open. At this point no addi- 
tional oil flow can occur with an 
increase in pilot valve displacement. 
This limits the velocity of gate move- 
ment. It is analogued with a bounder 
(B) unit. The lap is simulated with a 
dead-zone (Z) unit. 


Setting Up The Computer 
Starting at point 5, we use the following 
computer units: 
A—adder, to compare speed with refer- 
ence, 
C—coefficient, to multiply by 
a + b 1 
a Ky 
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b 
adder, to subtract 4 Az, from 
a + b 
a 


C—coefficient, to multiply by the con- 
stant Ks;, 


Z,B—to introduce the nonlinearities, 


J—integrate. 
Moving from point 3 to point 1, the 
units are: 
C—coefficient, to multiply by fe Ky 
7 * & K, 


L—lag unit, to perform the operation 
1 
(1 + pT.)’ 


b 


C—coefficient, to multiply by — 
a 


Tracing out the block diagram from 
point 3 to point 5: 


C—coefficient, to multiply pg (taken 
from ahead of the integrator) by 

A—to add the quantity g (the output 
is (1 — pT.)g), 


: 4 1 
L—lag unit, to simulate 
ag un Oo Simulate a +0.5pT.)’ 
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A—adder, to add in the load disturb- 
ance, 


J—integrator, 


C—oefficient, to multiply by 


T's 


The complete computer circuit is 
shown in Figure 3. 

The constants K, and K, appear in 
the feedback from point 3 to point 1 
in a C unit and also in the setting of 
an L unit. Actually the effects of vary- 
ing any other parameters can be 
studied—for instance the lever arm 
lengths a, b, d, e, f, the nonlinear 
characteristics, or the time constants 
T,, and T,,. Figure 4 shows reproduc- 
tions of analog solutions of gate open- 
ing gate velocity and regulated tur- 
bine speed for several settings of K,. 


© 
J 
Cc 
° 
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red 
> 
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Gate opening 


Gote velocity 


The computer solution is displayed on an 
oscilloscope. Display tracings show how 
the system’s response to load disturbance 
changes when K, is varied. Fig. 4 
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Radar 


Simulates 


Sonar 


J. E. KADISH 
American Machine & Foundry Co. 


A realistic simulation of radar scope 
displays is necessary in a device that 
would train men to navigate and bomb 
by radar. ‘Targets must change their 
aspect properly as they are approached 
and passed by the simulated radar-car- 
rying airplane. 

A first solution to producing scope 
displays of this kind might be the re 
cording of the video signals during an 
actual radar run over the target area. 
This solution, like watching a motion 
picture, would simply take the trainee 
along for the ride. Neither the in- 
structor nor the trainee could control 
the position of the aircraft. The tar- 
get approach would be exactly the 
same each time, and once learned, the 
training value of the simulator would 
become nil. 


THE MODEL RADAR 


Another solution would scale down 
the target area and actually scan it 
by radar to produce the proper scope 
displays. The antenna of such a simu 
lator could be given the same freedom 
of motion in azimuth, tilt angle, and 
altitude possessed by a plane in flight. 
The simulated plane could then be 
“flown” over the target area from any 
direction and at any altitude within 
the limits of the trainer. The instruc- 
tor could pilot the plane, or radar con- 
trol could be assumed during a bomb- 
ing run. 

Such a simulator approaches the 
ideal trainer. All the perceptions of 
a radarman during an actual flight can 
be reproduced on the ground with 
extreme realism. The aircraft other- 
wise needed, and its personnel, are 
freed for more important duties. No 
time is wasted in take-off and landing, 
or in getting to and from the target 
area. Fuel savings alone are enormous. 
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Aircraft simulator 


Woter tank 


Crystal transducer beams microsecond bursts of 8 mc through 
water to special map in ultrasonic radar trainer. Fig. 1 


CAN’T BE DONE 


The only difficulty with this solu- 
tion is that it is impossible. The tre- 
mendous velocity of electromagnetic 
waves in air makes the radar principle 
of measuring transmission-to-reception 
time impractical for a model of the 
area of reasonable (or even unreason- 
able) size. 

Nevertheless, this impossible ideal 
trainer was built. American Machine 
& Foundry Co. did it by simulating 
the electromagnetic waves themselves 
with ultrasonics. 


Qa 


SOLUTION BY SONAR 


A piezoelectric crystal, castor oil- 
loaded to reduce its Q and broaden 
its tuning band, is suspended over an 
accurate relief map of the simulated 
area. Both the crystal and the map 
are enclosed in a tank and covered 
with water. The crystal is driven at 
eight megacycles with a pulse repeti- 
tion rate between 200 and 800 cps. 
A special reflector is used to produce 
a radiation pattern similar to that of 
the radar antenna. 

Reflections from the map surface 


Terrain mop 


Action of reflector on radiation pattern. Radar sweep is de- 
layed to start when wave reaches point d, making this point 


the effective antenna. 


A further delay equal to the time 


from t, to d, removes altitude hole in PPI display. Fig. 2 
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LIQUID 


VARITROL (= 


CONTROL OF VARIABLE SPEEDS 








WITH 


U.S. VARIDRIVE 


MOTORS 


Varitrol pneumatic control gives automatic speed 
regulation of U. S. Varidrive motors for more effi- 
cient, more profitable production control. For more 
than 20 years the Varidrive has been recognized as 
the most compact and efficient device for obtaining 
variable speeds, with ratios up to 10:1 and capacity 
from % -50 HP. Many firms are increasing produc- 
tivity with Varitrol control. Quality of product is 
improved, human effort is reduced. 
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teeeeetatesecee 








Varitrol is a new 
control device which 
regulates the s 

of a Varidrive in 
response to a 3 to 15 
psi signal, from such 
variables as 
Temperatures, 
Humidity, Pressure, 
Speed, Liquid Level, 
Weight, Tension, 


U. S. any ose ty MOTORS Inc, 





54, Calif. 
Mi Conn. 


' 
U. S. Electrical Motors Inc. 
| Box 2058, Los Angeles 54, Calif. or Milford, Conn. 


] NAME__ 
COMPANY 
| ADDRESS__ 
ZONE STATE 
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- 


Area around Baton Rouge, radar and map 
presentations. Fig. 3 


are amplified, converted to the radar 
intermediate frequency, introduced to 
the radar circuits at the i-f amplifier, 
and displayed in the usual manner. 
The repetition rate pulses also trigger 
the cathode ray sweep circuit after 
appropriate delays. 

Sound in pure water at 80 deg F has 
a velocity of propagation of about 
1.5 x 10° cm per sec. The ratio be- 
tween the velocity of propagation of 
sound in water and electromagnetic 
waves in air is 1 to 200,000. This 
means that an area 200 by 300 miles 
can be simulated by a relief map of 
6 by 9 ft and an aircraft speed of 
about 165 knots by a speed of 1 in. 
per minute. 

Servo drives move the transducer 
and its reflector in the X and Y direc- 
tions, which are parallel to the tank 
sides, and in the Z direction for alti- 
tude. The transducer-reflector assem- 
bly scans and tilts as an aircraft an- 
tenna does, thus simulating spatial 
motion. 


ULTRASONIC MAP 


The ultrasonic relief map is pre- 
pared from contour data of some se- 
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lected 200 by 300 mile area. Modified 
Lambert conformal projection maps 
are used. A plaster relief model is 
made as accurately as possible, and the 
entire surface with the exception of 
all water masses, is coated with a thin 
adhesive liquid. 

Carborundum powders of varying 
grades are sprinkled on the model, to 
vary the reflective properties of the 
simulated land masses. The model is 
then used to make a mold, from which 
the ultrasonic maps are produced in 
Thiakol. Small screws, beads, and re- 
lief metalwork are imbedded in the 


rubber-like Triakol to simulate cities 
and other geographical features. 

The trainer can simulate radars with 
pulse repetition rates from 200 to 800 
cps. and pulse widths from 4 to 5 mi- 
crosec. Radar range is about 100 miles 
at 40,000 ft with 80 miles of ground 
return. 

The trainer simulates true air speeds 
and ground speeds up to 1,500 knots, 
and altitudes from 5,000 to 120,000 
ft. The simulated airplaye position is 
plotted continuously at one half map 
size. Positioning accuracy is 167 ft in 
the X-Y directions, 83 ft in altitude. 
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Diagram shows adaptation of stand- 
ard radar to ultrasonic system. Fig. 4 


selector relays in 
8MC/S oscillator 


map (map and 
transducer are 
under woter) 


Exploded view of transducer and reflector. Fig. 5 
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and control 
Chemical 


analysis 


oh fat-laallom-lale 


static testing 


/n these fields... 


your problem ~~ An open mind... and an organization with 


17 years’ practical experience in control and 


information handling are the Consolidated 


acy Ou r Systems Division’s most valuable assets. 


Together, they make it possible for the 
Division to do not only a complete job — 
= - engineering, fabrication, installation, 
starti ng pol nt instruction, service — but the most practical 
one from the standpoints of both efficient 
operation and dollar value. 

Complete professional freedom to select 
those components that will do the particular 
job best and at the lowest cost means 
that the buyer is assured of the optimum 
solution to his problem. Components may 
be standard Consolidated Engineering 
The sory of the products, units specially engineered for 
Systems Division... imma the project, or items purchased from 


and examples of the work other manufacturers... the sole criterion 
they have done...are 
told in a new brochure, 

available on request. —_— 
Write for Bulletin CEC 1304-X1. 


is that they solve your automatic control, 
testing and analytical problems. 


Systems Division 


Consolidated Engineering Corporation 


300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service through CEC INSTRUMENTS, INC., a subsidiary with offices in: 
Albuquerque, Atlanta, Buffalo, Chicago, Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D.C. 
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Instrumentation for Hydrodynamic Testing 


E. J. KIRCHMAN and 
D. A. KING, Glenn L. Martin Co. 


The M-270 seaplane—a hydrody- 
namic research airplane embodying an 
advanced hull form—is characterized 
by a rounded keel in the forebody 
section. Because this keel introduces 
local water pressures and _ structural 
stresses of unknown magnitudes, tests 
were undertaken to determine whether 
the hull configuration conforms to the 
design criteria. A drop test specimen, 
Figure 3, of the forebody was made so 
that analytically predicted stress and 
pressure values could be verified. 

The specimen was tested in two 
phases for various combinations of 
water contact speed, gross weight, and 
trim angle. First test phase—con- 
ducted with constant keel-plate thick- 
ness—determined the accelerations and 
the distribution of water pressures. 
Phase two determined the stresses 
acting upon the rounded keel and its 
complicated supporting structure. 

Instrumentation for the drop tests 
are shown in Figures 1 and 2. Al- 
though reliable under test conditions 
the Statham P-81-100 gages are sus- 
ceptible to damage by handling. To 
protect these gages, dummy plugs 
were molded to the shape of the trans- 
ducers and installed in the receptacles 
until just prior to test. All gages are 
wired to Winchester miniature plugs, 
and the units are potted with a cold- 
setting plastic. Handling damage was 
thus reduced, but a 25 per cent in- 
crease in the unit’s length was neces- 
sary. 

After the pressure and stress predic- 
tions were confirmed by the drop 
tests, a program of landings at various 
rates of descent under several sets of 
sea conditions was prepared for the 
M-270 airplane. The objective was to 
confirm the validity of the new 
method of dynamic load analysis— 
which considers simultaneous wing 
and hull elasticities. Previously, either 
the wing or hull had been con- 
sidered fixed. Landing test instrumen- 
tation included: 20 Statham P-81-100 
pressure transducers; 6 SR-4 strain 
gages for the bottom structure; 4 
crown strain gages; 5 hull and 7 wing 
accelerometers; 1 rate of descent in- 
dicator, and | trim indicator. As in 
the drop test, the outputs of trans- 
ducers were recorded on Consolidated 
oscillographs. 

Although the airplane is primarily 
a hydrodynamic test vehicle and all 


interest in the results of the drop test 
was confined to the hull, measures had 
to be taken to guard against failures 
of other structural parts during the 


Subminiature pressure transducer ready for 
mounting. Twenty-six of these were ar- 
rayed over the bottom to record pressure 
distribution during impact. Most of the 
pressures for which the hull was designed 
were in satisfactory agreement with those 
measured. Pressures in the chine region 
were higher than predicted. Fig. 1 





landing tests. Thus, the engine 
mounts, wings, and crown were 
equipped with strain gages and accel- 
crometerts. 


eS 


~ 


i ail? 


| 


Accelerometer installed to sense vertical, 
lateral, and longitudinal accelerations. All 
instruments were used with galvanometers 
and dc bridge balance units. Stresses in 
plating, stringers and floor frames were 
measured by resistance strain gages. Three 
oscillographs recorded the transducer sig- 
nals. Fig. 2 


* en” Teena ns 
<- “So Soe 


Constructed freebody drop test specimen. Shape and structure are identical to the actual 
hull. Provisions are made for progressively decreasing the keel-plate thickness. Keel-plates 
of thinner sections are substituted to obtain the measurement of stresses, pressures and 
accelerations until failures of the supporting structure occur. Fig. 3 
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Phil tl Ta 


Standard Plug-In and 


Dust Covered Relays 


Now Available in Three General Types 


Lock Base Holds Relay Structure 
Firm, Removing Stress From Plug 


The almost universal demand for a relay 
having the plug-in feature and a well secured 
dust cover has created need for the following 
design. This design is now available in the 
three basic multiple-contact relays illustrated 
—namely, types 2, 6, and 8. This design con- 
sists of a plug-in arrangement having many 
different combinations of plugs, from 4 to 20 
circuits per relay, and is equipped with a 
bracket, which itself is secured by two screws, 
thus removing the stress from the conducting 
plug. The cover assembly itself is fitted over 
a bracket, which is so designed as to protect 
the contacts of the relay, eliminating the pos- 
sibility of damage to contact springs when the 
cover is either removed or replaced. The cover 
is held on by means of a knurled nut or screw, 
and is securely held against a rubber gasket. 
This method assures maximum protection 
from dust and dirt and provides uniformity of 
mounting. 


Dust Cover 
oo 





aap om 
cone 43D) 
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The Phil-trol type 2QA (Quick Acting) relay, 
shown above, is commonly known as the 
standard telephone type, providing fast clos- 
ing and opening of a maximum number of 
circuits. Its long-coil construction permits the 
use of high resistance coils. The time delay 
models; known as types 2SO (slow-operate), 
and 2SR (slow-release), are also available, 
providing time delays of as much as .010 sec- 
ond operate and .500 second release. This 
plug-in cover arrangement is also available 
for the 2AC relay. 
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END VIEW 
SIDE VIEW 


The Phil-trol type 6QA relay is extremely effi- 
cient, more compact than the type 2QA, and 
has similar performance characteristics. 


Dust Cover 


END VIEW 
SIDE VIEW 


The Phil-trol Type 8QA relay (right) is one of 


our latest newly developed relays. It is equip- / 


ped with special features, which make it 
extremely fast operating and twin contacts for 
maximum reliability of contact closure, and 
has an extremely long life expectancy. 


PHILLIPS CONTROL CORP., Dept. CE, 


| am personally interested in: 


Dust Covered Relays of Type 


New PHIL-TROL Miniature 
Micro Switch Relays Now Available 


Compact snap-action contacts of the 
miniature variety are utilized in the 
new Type 4MS and 4BMS series relays 


Type 4MS Relay Assembly 


This assembly, above, features a fast, light 
weight, highly sensitive and low cost minia- 
ture unit, with Micro Switch style V3-101, 
operating on approximately 1 watt power 
input. It may be engineered to operate on as 
little as .005 amps. Available SPDT or DPDT. 
Contact terminals are of screw type. 














@ 


SIDE VIEW END VIEW 


Type 4BMS Relay Assembly 


This sub-miniature unit provides for as many 
as four miniature Micro Switches on one relay. 
(4 P.D.T.) Type ISM1, rated at 5 amps, 250V 
A.C. is used, Stud terminal connections are 
provided. 


Let 


Phil-trol Progress 
Help Solve Your 
Relay Problems 


Joliet, Ul. 


Gentlemen: Please send me your General Catalog 1 





Micro Switch Relays of Type 


Name 





Company __ 


Street ——— 











City 











a UNIQUE application . . . of a NEW principle 
for a BETTER instrument 


‘Doelcam— 


D-C Indicating Amplifier 


2HLA-3 


r ] “\HE DOELCAM D-C Indi- 
cating Amplifier is a com- 
pletely self-contained 

instrument for the amplification 

and measurement of d-c voltages 
and currents of minute magni- 
tude. A new design concept em- 
ploying the remarkable sensitivity 
and inherent stability of the sec- 
ond harmonic magnetic converter 
is used in the input stage of the 
amplifier. This design feature, by 
eliminating all moving parts such 


MAGNETIC INPUT... Block Diagram show- 
ing DOELCAM Second Harmonic tic 
Converter as input stage . . . a new design 
concept 


> High Stability 


Less than 10 microvolts long 
term drift 


>» Wide Dynamic Response 


Flat from 0 to greater than 
20 cps 


> Magnetic Input 


Second-Harmonic Magnetic 
Converter for input stage 


Linearity within 1% 
High input impedance 
Zero-center meter 


Will drive recorders 


Write for Bulletin 1A34 


as mechanical choppers, makes 
this instrument ideally suited for 
applications where accuracy, re- 
liability and insensitivity to chang- 
ing ambient conditions are of 
prime importance. 


“Doelcam> CORPORATION 
SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
West Coast Office: 304 Tejon Pl., Palos Verdes, Calif. 
Instruments for Measurement and Control 


Synchros « Gyros * Servos * Microsyns * Servo Motors 


MEASUREMENT - RECORDING - CONTROL to 
1/5° C. A typical Process Control applica- 
tion showing high accuracy of DOELCAM 
Type 2HLA-3 


WHAT'S AHEAD: MEETINGS 





NOVEMBER 


The American Society of Mechan- 
ical Engineers, Annual Meeting, Stat- 
ler Hotel, New York, N. Y. 

Nov. 28-Dec. 3 


DECEMBER 


National Exposition of Power and 
Mechanical Engineering, Commercial 
Museum, Philadelphia, Pa. Dec. 2-7 

Eastern Computer Conference, 
Bellevue-Stratford Hotel, Philadel 
phia, Pa. Dec. 12-15 

American Institute of Chemical En- 
gineers, Annual Meeting, Statler Ho 


tel, New York, N.Y. —-Dec.:12-15 


JANUARY 


Society of Automotive Engineers, 
(Golden Anniversary Annual Meet 
ing), The Sheraton-Cadillac Hotel and 
Hotel Statler, Detroit, Mich. 

Jan. 10-14 

American Institute of Electrical En- 
gineers and Institute of Radio Engi- 
neers (devoted to high-frequency 
measurements), Hotel Statler, Wash 
ington, D. C. Jan. 17-19 

Texas A & M, Symposium on In 
strumentation for the Process Indus 
tries, School of Engineering, Chemical 
Engineering Dept., College Station, 
Texas. Jan. 26-28 

American Institute of Electrical 
Engineers (winter general meeting), 
Hotel Statler, New York, N. Y. 

Jan. 31-Feb. 4 


FEBRUARY 


Institute of Radio Engineers, South 
western Convention, (session on servo- 
mechanisms and feedback control sys- 
tems, Sat. A.M., Feb. 12), Baker 
Hotel, Dallas, Texas. Feb. 10-12 

Instrument Society of America, 
New York Section, (session on instru- 
mentation for data reduction and 
presentation), Hotel Statler, New 
York, N. Y. Feb. 23 


MARCH 


American Institute of Electrical En- 
gineers, Institute of Radio Engineers, 
Association for Computing Machin- 
ery, Western Computer Conference, 
Hotel Statler, Los Angeles, Cal. 

Mar. 1-3 

Institute of Radio Engineers, Na 
tional Convention, Waldorf-Astoria 
and Kingsbridge Armory, New York, 
N. Y. Mar. 21-24 


CONTROL ENGINEERING 
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and what's the record? 


What does the record add up to? 


CONTROL ENGINEERING has brought together for manu- 
facturers of systems, components, and computers, a se- 
lected, commercially powerful audience. With its editorial 
approach it has aroused an enthusiastic readership — a 
basic ingredient for resultful advertising. 


i\ 
\ 
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ENGINEERING 
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18,212 engineers and technical management 


men have subscribed to CONTROL EN- 
GINEERING — over 3,000 beyond its 
planned three year circulation goal. 


769 pass-along readers sent in their orders 
when they saw a copy of the September 
issue which carried a self-mailing sub- 
scription card. 


3,244 letters and cards were received in re- 
sponse to the first two issues . . . requests 
... comments... suggestions . . . offers 
to write. 


126 firms serving the instrumentation and 
control market have recognized the 
value of the new magazine and placed 
their display advertising in its pages. 


For 1955 here is a productive new advertising medium 
through which to promote your products to those men in 
business and industry who buy instrumentation and con- 
trol systems and components. 


For further information, write Control Engineering, 330 
West 42nd Street, New York 36, N. Y. 


» 


a basic 

advertising medium 
for manufacturers 

of systems, computers, 
and components 





A McGRAW-HILL PUBLICATION, 330 WEST 42ND STREET, NEW YORK 36, W. Y. i 
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NEW PRODUCTS 








CIRCUIT BLOCK DIAGRAM LISTING IN GROUPS 








Full 1-6 Magnetic Amplifiers 
Rectifier 7 A New Servo Trans- 
ducer 
Machine Control Ad- 
vances 
fewer New Ways to Measure 
—— Unusual Instruments 
Electronics in Control 
Miniature Components 
Component Parts 
30 An Electric Graphic 
| Pome C Caeue J Switches, Relays, Valves 
35 ATC’s New Timer 


36 Unusual Level Gaging 
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MAGNETIC AMPLIFIER eliminates delicate relays for driving heavy-duty equipment 


Industrial, machine, guided-missile, 
and aircraft-control applications have 
one thing in common—rough environ- 
ment. Shock, vibration, acceleration, 
inordinate dampness are all encoun- 
tered. Yet the control system must 
continue to function precisely and 
without failure. 

Small wonder the magnetic ampli- 
fier is today’s standout in hardware 
for the control engineer. This ampli- 
fier is inherently rugged, dependable, 
and remarkably compact. Yet it will 
do many of the jobs normally relegated 
to sensitive vacuum-tube circuit and 
often is capable of greater ratios of 
power amplification to response time. 

The magnetic amplifier pictured 
above is designed to drive heavy-duty 
relays and stepping switches—a job for- 
merly requiring Thyrathron circuits 
with attendant “noise” problems. The 
amplifier will directly actuate jettison 
and drag chute solenoids, dive brake 
and other motors. It is available in two 
models. One is for continuous opera- 
tion, the other for intermittent use. 

The maker suggests its applica- 
tion in control of guided missiles, air- 
craft, ships, industrial processes, tele- 
metering, and radio command. The 
characteristics which are tabled here 
will suggest more about its specific 
function in these applications. The 
Goldak Co., 1544 West Glenoaks 
Blvd., Glendale 1, Calif. 


Circle No. 3 on reply card 


Characteristics 


less than 1 milliamp, 2 v. 
Load. .100 ohm for continuous unit, 35 
ohm for intermittent unit 
Output Continuous Unit 
.-No signal: less than 1 v. 
. Signal: 24 v., 240 ma 
Output Intermittent Unit 
. .No signal: 6 v. 
. .Signal: 24 v, 600-720 ma. 
Power Requirements. .110-125 v., 400 cy- 
cle, single phase, 12 watts maximum 
(intermittent model: 32 w. max.) 
Temperature. ...minus 70 to 200 deg. F. 
up to 100,000 ft. 
Humidity..........100 per cent relative 
Shock 
Vibration 25g, 10 to 2000 cps 
Speed of Response. .about 40 operations 
per second 
Dimensions. .. .23% by 34% by 44 in. high 
Weight 3 Ib. 


vines 
pling 


Ways to Couple it 





Navy lauds Mag-Amps . . 


. recognition of the ruggedness and versatility of the basic Mag- 
netic Amplifier design has promoted the Department of the Navy, 
Bureau of Ships, to make this statement (NAVSHIPS 900-172): 

‘The Magnetic Amplifier has demonstrated its value, beyond ques- 

tion, in many fields previously dominated by the electron tube.” 
And we publish a Primer. . . 

. . . ConTrRoL ENGINEERING indicates its recognition of this value 
component with a series of articles, starting this month (see ““A Primer 
on Magnetic Amplifiers” by Goldsmith, Herz and O’Neil on page 40). 

And on the opposite page. . . 


FIVE MORE NEW MAGNETIC AMPLIFIERS ae 
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ESPECIALLY SUITED FOR SERVO SYSTEMS 


Application 


The magnetic amplifier was de- 
signed to drive a companion series of 
two-phase, 400-cps, low-inertia, induc- 
tion servo motors. However, it will also 
operate other motors with control 
windings rated from 26 to 57 v when 
power requirements are 10 w or less. 
Ketay Manufacturing — 555 
Broadway, New York 12, N. Y. 


Characteristics 


Input Impedance 10,000 ohms 
Power Requirements. ....115 v, 400 cps. 
Power Gain (0.5 v signal) . 50,000 (approx.) 
Response Time 1/200 sec (approx.) 
Duty Cycle continuous 
Ambient Temp. Range. .minus 30 to plus 

71 deg C 
Standby Power 


Circle No. 2 on reply card 


PRECISE, YET WITHSTANDS HEAVY OVERLOAD 


Application 


Compared with above, compact 
servo-oriented magnetic amplifiers this 
unit looks king sized. But its meant 
to be. For its specific function is to 
control the voltage of 10 kva, 115 v, 
400 cycle single-phase alternators. It 
is also available to control three-phase 
equipment. Contact Acme Electron- 
ics, Inc., 2724 South Peck Road, Mon- 
rovia, Calif. 


Characteristics 


Power Requirements 115v, 400 cps 

Regulation Accuracy. .1 per cent from “no 
load” to “full load” 

Overload. ... . .will withstand 15 per cent 

Recovery Time 

Three-Phase Operation . . operates into high 
impedance field with three-phase sensing 


Circle No. 3 on reply card 


REGULATES AIRBORNE POWER SUPPLY 


Application 


Hermetically sealed in its tin can, 
this tubeless magnetic amplifier suits 
drone, missile, and aircraft applica- 
tions. In servo systems it can position 
potentiometer circuits that require a 
precise center tap. Its output is singu- 
larly free of line transients. Magnetic 
Research Corp., 5010 Sunset Blvd., 
Los Angeles, Calif. 


Characteristics 


115 v, 400 cps 
Output oe. .plus or minus 15 v at 
0.2 amp for each channel 

Differential Regulation. .0.25 per cent for 

line changes from 105-125v, frequency 

changes from 380-420 cps, load changes 

within 10 per cent and temp changes 
from minus 55 to plus 71 deg C 

i ..less than 1 per cent 

Circle No. 4 on reply card 


OPERATES WITH A ONE-CYCLE RESPONSE 


Application 


This thimble-sized magnetic ampli- 
fier is designed for one-cycle response 
in control of servo systems operat- 
ing at high temperatures. The reactor 
(right) is encased in molded resin 
and the companion rectifier is fungus- 
proofed for external mounting. Poly- 
technic Research & Development Co., 
Inc., 202 Tillary Street, Brooklyn 1, 
N.Y. 
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Characteristics 


115v, 400 cps 

Saks 10 w reversible phase ac 

Temperature Range up to 85 deg C 
Response Time. . . 

in high x 2} in diam 

less than 12 oz 
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PARTICULARLY AIMED AT COMMUNICATIONS 


Application 


Reliability has been stressed in the 
design of this tubeless magnetic ampli- 
fier dc supply. And this factor is, of 
course, all important in the telephone, 
telegraph, radio, and T'V systems. The 
unit’s performance and low cost 
should, however, appeal to users in the 
control field. Sorensen  Co., Sam- 
ford, Conn. 


NEW APPROACH in servo transducer melds high resolution 


A servo system or analog computer 
is usually only as good as the trans- 
ducer serving it. But to get good lin- 
earity and resolution in measurement 
involves high impedance circuitry and 
this, in turn, leads to more complex 
amplification in the system. This new 
device, in effect, combines the low- 
impedance virtues of a variable auto- 
transformer with the precision of a 
high-impedance multi-turn pot. 





Schematic of the Vernistat 


The schematic shows how it works. 
Inside the little round case is a control 
shaft from its calibrated knob or ex- 
ternal gear, a tapped toroidal trans- 
former, a switch commutator, and a 
circular potentiometer contracted by 
three switch wipers. The tapped trans- 
former divides the voltage into several 
discrete levels and these are further 
subdivided by the potentiometer. The 
potentiometer is connected sequenti- 
ally across sections of the auto-trans- 
former in synchronism with movement 
of the potentiometer wiper. Hence 
voltage to the wiper varies smoothly 
from one level to another and coverage 


of this range involves several turns 
of the control shaft. Actual revolutions 
show on the exposed dial. The Perkin- 


Elmer Corp., Norwalk, Conn. 


Characteristics 


Input. .60 cps—0-240v, over 20,000 ohms 

400 cps—0-300v, over 65,000 ohms 
Linearity Tolerance. .plus or minus .05% 
Resolution (calculated) 01% 
otal Angular Excursion. .3510 deg. plus 

or minus 15 min. 

Average Starting Torque 2.0 oz-in. 
Line Frequency 50—3000 cps 
Output Impedance. . . .less than 130 ohms 
Output Current...........50 ma (imax) 
Net Weight 2.2 pounds 
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Characteristics 


Input 105-125 v, 60 cps 

Output. .60 vdc, adjustable within 10 per 
cent 

Load Range .9.5 amp 

Regulation Accuracy. .within 1.0 per cent 
for any line and load variations 

Recovery Time. .0.15 sec under worst con- 
ditions 

Ripple 


1 per cent maximum 
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and linearity 


€p =e; 8, Bo 


+ 
Two Vernistats used to multiply. ( Note that if con- 


trol shafts are coupled together such that @,= @, 
then @57 e?) 


Electomagnetic 
Resolver 


+ 


= 
0 
e 8, sin@2 


Vernistat used to excite electromagnetic resolver di- 
rectly without isolation amplifier 


Overload Relay 

J , (Protects circuit 
' during large 
| error signals) 


a = 8 
Torque > ° 
, 
@% Motor 
Two Vernistats used to make ‘amplifier-less servo 


data transmission 
system 


FEEDBACK FACT 


Posed: An infallible system to slow school zone traffic. 

Solved: Any vehicle exceeding a pre-set speed sets-off a loud 
siren in a new electronic system developed by Zonealarm Corp. This 
not only severely feeds back on the motorist, but alerts pedestrians 


to the menace. 
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MACHINE CONTROL ADVANCES 


DYNAMICALLY BALANCES rotating workpiece using vibration 
pickups and strobe indicating system. 


Rotating machined parts, such as 
rotors, impellers, blower wheels, fly- 
wheels, fans, and pulleys must be pre- 
cisely balanced for optimum perform- 
ance. This increases cost and exaspera- 
tion in their manufacture. Here is a 
new measuring system—offered in 
nine sizes—that reduces this chore to 
a fast test and points to ultimate in- 
line automatic control of balancing 
operations. 

The diagram shows how the system 
works. A free-floating vibratory cradle 
supports the piece. Unbalance due to 
centrifugal force is gaged by 2 induc 
tion-type vibrating pickups. These 
signals are electronically amplified, 
compared, and converted to a square 
wave form as well as directly indicated 
on a calibrated meter. A definite point 
in the wave cycle fires the strobe light, 
which illuminates the numbered un- 
balance position on the rotor. Need to 
“add” or “remove” weight also is 
directly indicated. 
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It is strictly conjecture to visualize 
how picces will some day be auto- 
matically, fed, gaged, and balanced 
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using feedback techniques in place of 
the human operator. Meanwhile this 
highly usable system takes another big 
step towards the automatic production 
line. Balance Engineering Co., 850 
W. Lake Street, Chicago 7, II. 
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CLASSIFIES mass-produced 
gears on the move. 


Gear production lines also are mov- 
ing towards fully automatic operation. 
Witness this conveyor model inspec- 
tion system. It will take gears as they 
come from the highest speed line and 
check them for conformity to within 
0001 in. It will then cject off-quality 
product and actually stop the produc- 
tion line should a consistent deviation 
show up. 

In the model shown, helical gears 
are rotated between a rigid and a 
pivotally mounted driving gear. Devia- 
tions of the latter are measured and 
used to actuate a rejection gate, if 
beyond tolerance. Michigan Tool Co., 
7171 E. MecNichols Road, Detroit, 
Mich. 
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AUTOMATICALLY GAGES and 
classifies springs at high speed 
and right out in the production 
line. 


This highly specialized. inspection 
machine hints at a great future for 
control engineering in the production 
line. Actually it’s a machine set-up to 
continuously and automatically test 
and classify 700 automobile springs 
per hour. But the gaging and feedback 
techniques that it uses suggest in-line 
quality control in the fabricating plant. 

Here’s how it works. Springs are 
conveyor-fed to the index barrel (upper 
center). Here they are compressed 
twice by mechanical rams—first to 
gage solid height, and second for load 
calibration. During the second ram 
an Emery cell sends a hydraulic signal 
to a calibrated bourdon-tube con- 
troller. This instrument has four con- 
tact settings: soft-good, hard-good, 
soft-no good, and hard-no good. An 
electronic relay triggers the proper 
pneumatic classifying ejection gate. 
Hautau Engineering Co., Ferndale, 
Mich. 
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NEW WAYS TO MEASURE 


FLOW PICKUP slips into 
pipe flange. 


Still another new way to measure 
flow is this combination of a differ- 


ential-orifice meter and variable-area 
meter. Its maker claims it offers the 
simplicity and economy of the former 
and the linearity, rangeability, and 
immunity to viscosity of the latter. 
The meter consists of “building block” 
parts which can be varied in size, range, 
and material. Also, note the transmit- 
ting arm to the left of the indicating 
dial. This permits line connection to 
remote panels or direct tie-in with a 
control element. 


Characteristics 


SizeS Available from 4 in. to 12 in. 

Range of Flow. .10 to 60,000 Ib per hr 
steam 1 to 6,000 cfm gas 

Indicator. .6 in. dial with total available 
range ability of 1 to 35 

Mounting. .in any position about either 
of the meters axis 
Device Engineering Co., 1701 Wal- 

nut St., Phila. 3, Pa. 
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TRANSDUCER puts out 
strictly linear signal. 


Here is a new twist in a variable 
reluctance pickup. The transducer 
maintains a constant ratio between 
output voltage and input voltage de- 
spite wide variations in input frequency 
and temperature. Result: a strictly 
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linear relationship between armature 
displacement and output voltage for 
fairly large displacements. This unique 
property suggests wide use of the trans- 
ducer as an electronic gage, monitor, 
and direct control-system sensing de- 
vice. 


Characteristics 


Input Voltage 28-115v, 50-600 cps 

Output Voltage..a function of input, 
ranging from 3v for 28v input to 30v for 
115v input 

Load Impedance 
around 2,000 ohms 

Linear Accuracy. .less than 25 per cent 
error with armature displacement of 
0-.12 in. 

Operating Temp... minus 65 to 165 deg F 
produces less than 55 per cent change 
in scale factor 
General Cybernetics Associates, 

P. O. Box 987, Beverly Hills, Calif. 
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minimum usually 


EXTENSOMETER performs 
when heat is on. 


The probe of this transducer is 
actually a contact element to pick up 
linear motion, stress, displacement, 
and vibration. However, the unique 
thing about the transducer is its de- 
sign, which makes it immune to the 
effects of high temperatures and tem- 
perature changes. For example, it can 
be struck into ovens, hot fluids, and 
even “hot” radioactive areas—and it 
will still measure true. Part of its secret 
is the low temperature coefficient wire 
and symmetrical design. 


Characteristics 


Temperature Range. .minus 160 to 1,500 
deg F 
Linear Ranges....... 
Resolution 
Operating Sensitivity 
Linearity to .1 per cent linear range 
Size. .instrument housing 1 in. diam. 
lergth from 3 to 65 in. according to 
range 
Crescent Engineering & Research 
Co., 14828 Arrow rove nell Baldwin 
Park, Calif. 
Circle No. 13 on reply card 
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ELECTROMETER birddogs tiny, 


A vibrating-reed principle in this 
new electrometer enables it to follow 
very small, rapidly changing currents 
—such as ion currents from a mass 
spectrometer and various electron 
emmission phenomena. The typical 
oscillograph record shown in the il- 
lustration indicates how the unit picks 
up background noise and responds to 
10-14 amp current. The maker claims 
that it is several times as sensitive as 
other amplifiers for the same purpose. 

Applied Physics Corp., Pasadena, 
Calif. 


UNUSUAL 


RECORDER fitted out for 
electric control. 


Two kinds of electric control action 
have been built into this recently de- 
veloped line of electronic potentiom- 
eters and resistance thermometers. 
Actions are two-positional (on-off), 
and pulse-proportional (0-20 per cent 
proportional band). The controller can 


rapidly varying currents 


An rare, “\ 
| 10 “ampere 0.1 second 


Way 








Characteristics 


Power Requirements. .operates from out- 
put of 115v, 60 cps voltage reg. 

Output to Recorder..max, 1.5 ma of 
either polarity 

Range 10-15 to 1.5 x 10-10 amps 

Background Drift..dc drift less than 1 
10-15 amps per hr 

Damped Response. .natural period 1 sec 
(98.6 per cent response to 1 sec) 
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INSTRUMENTS 


regulate valves or contactors and load 


relays in thermal processing. 


Characteristics 


Accuracy 
span 
Sensitivity 1/20 per cent scale span 
Pen Travel .full scale in 4 sec 
Ranges. .23 available from minus 320 to 

3,000 deg F 


Thermo Electric Co., Inc., Rochelle 
Park P. O., N. J. 
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A 


PANEL METERS are diminutive 
but precise. 


.error less than } per cent scale 


The maker has coupled diminutive- 
ness with fine accuracy and stability 





NEW PRODUCTS 





in this new line of panel-mounting 
indicating galvanometers. Both the 
square and round units are watertight 
and shock-resistant. As a matter of 
fact, a special patented locknut be- 
tween mounting flange and case barrel 
keeps water from damaging-the_ works 
even when the viewing window is 
punctured. 

De]ur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City, L. I. 


Characteristics 


Accuracy . 
scale 
Calibration. .dce milli-, micro-, 
voltmeters; ac voltmeters 
BN I ates .3.6 eon 0 50 0944 5 bs Lt in. 
Panel Pace Sise............ 13 in. square 
13 in. diam. 
solder lug 


.less than 3 per cent error full 


ammeters; 


ER eee am sealed, 
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DENSITOMETER records and totalizes optical density 
of eletrophoresis strips and moving fluids. 


This servo-equipped analytical in- 
strument optically scans a_variable- 
density paper strip—such as a paper 
electrophoresis pattern—and draws a 
component-distribution curve. Further, 
it automatically totalizes the compo- 
nent with a saw-tooth frequency curve. 

The unit measures with a null-bal- 
ance photocell bridge served by a 
single light source. Unbalance signal 
due to the scanned material drives a 
light-shielding cam to obscure the 
reference cell and balance the bridge. 
The driving servo also positions the 
curve and integration pens. 

Special cams can be supplied to fit 


specific paper dyeing techniques. Also 
the unit can be set up to work with 
ultraviolet light and for colorimetric 
recording of moving fluids. 


Characteristics 


Power Required. .115v 50-60 cps drawing 
125 w. 

Chart Paper Width 

Max. Curve Height 

Max. Width Scanned Strip 

SR cn. ohne Wega 16% x 154 x 103 in. 

Weight 
Specialized Instruments Corp., 753 


O’Neill Ave., Belmont, Calif. 
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FEEDBACK FANCY 


Needed: Some instrument to warn technicians when they get 
dangerously close to lethal voltages. 

Suggested: A small transducer—possibly one of the new ultra- 
sensitive gas chamber types—that would sound a pocket buzzer. 
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ELECTRONICS 
IN CONTROL 


SELENIUM RECTIFIER with- 
stands boiling temperature. 


A new selenium rectifier has been 
announced which apparently will op 
erate without derating in ambient 
temperatures as high as 100 deg. € 
This is an important development, 
because conventional rectifiers must 
have current or voltage rating reduced 
at only +5 deg C to avoid dangerous 
temperature rise. We are told also 
that the new rectifier will operate 
well at up to 150 deg C with only a 
moderate amount of derating. 

It is obvious that the development 
will make selenium rectifiers more 
useable in rough industrial locations. 
Further, smaller rectifiers of this type 
can be used in warm spots which not 
mally would have to be served by over- 
sized, costly units. Fansteel Metallurg- 


ical Corp., North Chicago, III. 
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AMPLIFIER oriented to 
D-T Transducers 


This handsome encased amplifier 
is functional. It is strictly designed to 
amplify signals from differential trans- 
former type transducers—those that 
pick up static, transient, or higher fre- 
quency oscillatory phenomena. 


Characteristics 


Overall Linearity. .....exceeds 1 per cent 

Frequency Response. .from 0 to 1000 cps 
within 4 db 

Accuracy. .will measure transducer core 
displacements as small as .0001 in. 
Daytronic Corp., 216 S. Main St., 

Dayton 2, Ohio 
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DECADE TOTALIZER has 
printed circuit. 


This plug-in decade totalizer is the 
first, to our knowledge, to employ 
printed circuitry. The obvious advan- 
tages are compactness and the possi 
bilities of low-cost manufacture. How- 
ever, the maker also claims improved 
stability because of better heat dissipa- 
tion in the more open design. 


Characteristics 


Pulse Frequency 
to 5 microsec 
Constant Frequency Rate. .to 100 ke on 
direct reading illuminated dial 
Voltage Regulation none required 
Resetting *. ' instant, external 
Size.....1} x 54 x 54 in. including tubes 
The Detectron Corp., N. Holly- 
wood, Calif. 
Circle No. 20 on reply card 


Mmm 
™~e 
. Fee 
i 
2 


will record pulses down 


BRIDGE supplies or 
compares voltages. 


This portable instrument leads a 
double life. It can be used to precisely 
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compare voltages in the range of 
minus 100 to 100 v. And it can serve 
as a variable-precision voltage source. 
Thus it can tab the attentuation co- 
efficient of a pot by applying 100v to 
its ends and finding the “arm” poten- 
tial, or it can set up initial voltage 
conditions for an analog computer. 


Characteristics 


Output. .factory set to 100 v within .1 


per cent 


CATHOOE RAY 
€LECTROMEC 


Output Set..may be set at any level be- 
tween 95-105 v with .05 per cent ac- 
curacy 

Longterm Accuracy 

Shortterm Stability 
cent per hr 

Voltage Reg. .line changes of 10 per cent 
affect output less than 0.5 per cent 

Resolution .better than .02 per cent 
Conner Scientific Co., 2829 7th St., 

Berkeley 10, Calif. 


about .5 per cent 
better than .1] per 
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LARGE-SCREEN OSCILLOSCROPE magnifies details, 
simplifies analysis of complex waveforms. 


Devotees of the big screen will go 
pleased with this development. But this 
new scope has many more positive and 
practical virtues than giant-size TV. 
For one thing, the big display area 
permits very close observation of data 
that would be lost on a small scope. 
It comes with either 17 in. or 21 in. 
rectangular tubes, and is designed for 
education and display as well as 
routine and advance-guard tasks of the 


lab bench. 


Characteristics 


Resolution 
linearity 

Calibrated Time Base. .from 10 microsec 
per in. to 1 sec. per in. 

Gain Calibration. .peak to peak v per in. 
(10mv peak to peak or Imv peak to 
peak sens.) 

Stability. .not affected by line variations 
from 105-125v 
Electromec, Inc., Burbank, Calif. 
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plus or minus 1 per cent 


FEEDBACK FACT 


Posed: Some sure fire way to alert travellers in waiting rooms. 
Solved: Transducers on the tracks of the nationalized British railways 


now actuate automatic tape recordings which peal out the arrival and 
departure of trains. 
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in any electronic control loop 


CONTROLLED POWER 





OUTPUT 











SORENSEN 


~ LOAD 
TO SENSING DIODE || Fiat 


This schematic illustrates a 
typical external sensing 
regulator application. It 
might be very useful, for 
example, in a situation 
where the load must be 
located at a distance from 
the regulator, causing un- 
satisfactory load voltage 
regulation because of line 
drop in the feeder line as 
the current varies. 

A transformer is used to 
match the load voltage to 
the value of 2.5 volts re- 
quired by the diode control 
circuit of the regulator. 


The Sorensen line of standard equip t is d d to meet 
virtually all requirements — from commonplace to extraordinary — 
for regulated power. Catalog stock instruments are available in 
the following categories: 
AC REGULATORS — from 0.15 to 15 KVA at 60~; 0.25 to 2.5 
KVA> at 400 ~ 
DC SOURCES (tube circuitry) —6, 12, 28, 48, 125, 200 VDC at 
currents from 5 to 500 amperes. 

(tubeless) — 6, 28 VDC at 5, 40, 50 amperes. 
TUBELESS REFERENCE VOLTAGE SOURCES—AC or DC, precisely 
regulated. 
HIGH VOLTAGE DC SUPPLIES — 0-325, 500, 600, 1000 VDC from 
0 to 500 ma. 
FREQUENCY CONTROL — 60~ or 400 ~ frequency changers, 250VA 
and 1000VA, accurate to +0.1% or +0.01%. 
SPECIAL DEVELOPMENTS: Sorensen engineers are thoroughly 
familiar with the latest techniques utilizing transistor control and 
magnetic sensing. They are accustomed to working with germanium 
rectifiers as well as selenium, and are versed in power control 
techniques other than those used in the standard Sorensen instru- 
ments. They are, therefore, in a favorable position to design power 
supplies along whatever lines you prefer for incorporation in your 
equipment. 





Write for further information. The Sorensen bi-monthly publication 
“Currently”, which discusses regulated power developments and 
applications, is yours for the asking. 


SORENSEN 


SORENSEN & CO., INC., 375 FAIRFIELD AVE., STAMFORD, CONN. 
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MINIATURE 
COMPONENTS 


SERVOMOTOR operates in 
low cost drive package. 


This diminutive l-watt servomotor 
may be controlled with a maximum of 
3w since most of the required power 
is applied in the reference phase. 
Hence the unit can operate in many 
applications which cannot stand the 
cost of an expensive drive package. It 
has an integrally molded stator and 
housing and meets JAN environmental 
resistance specs. 


Characteristics 


Output 
Frequency 

Ref. Phase 
Control Phase 


Locked Torque........ 1.5 oz-in. 
Theor. Acceleration. .9,650 rad per sec 
per sec 
Diehl Manufacturing Co., Somer- 
ville, N. J. 
Circle No. 23 on reply card 





SERVO AMPLIFIER performs 
without dc source. 


This miniaturized plug-in servo 
amplifier will operate directly from a 
tapped transformer—without an ex- 
ternal de supply. It is designed to con- 
trol a companion 400-cycle, two-phase 
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servomotor which requires 2W elec- 
trical input to the control phase. Also, 
it can be used for very high power 
discontinuous servos when coupled 
with a polarized relay. 


Characteristics 


Input Power Requirements. .300 v_ for 
plates of its four tubes and 6.3 v for the 
heaters 

Gain... vey. . about 7,000 

Plate Dissipation a eee ke 

Plate Current. varies between 5 and 17 ma 

Size. .slightly larger than a cigarette pack 

Weight Saeed a 2 
Servomechanisms, Inc. Post and 

Stewart Avenues, Westbury, N. Y. 
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NOISE FILTER integrates 
with motor assembly. 


Here is a complete noise filter so 
small that it can be designed directly 
into a motor and gear assembly rather 
than mounted externally. 


Characteristics 


Size 1; in. od x 7 in. long, 1.4 oz. 
Attenuation. .greater than 50 db over 
range of 150 ke to 1000 mc 

Ambient Temp. .will operate true as high 
as 125 deg C 

Mounting... . . molded metal drilled insert 

Meets Specs. .exceeds Air Force Specs 
Mil-I-6181-B as applied to small motors 


The Potter Co., North Chicago, III. 
Circle No. 25 on reply card 
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asnetic 
mplifiers 


Three New 
AC Servo 


Types 


Available.. 


STANDARDIZED 


SERVO SYSTEMS 


AND OTHER 


STANDARD TYPES 
FOR AUTOMATIC 


CONTROL — 


In addition to new 
lines illustrated, 
many standard and 
higher power mag- 
netic amplifiers are 
available for appli- 
cations involving 
automatic control. 


CUSTOM DESIGNS 


FOR SPECIAL 
REQUIREMENTS 


— we design 
and engineer 
complete servo 
or automatic 
control systems 


AFFILIATE OF 
THE GENERAL 
CERAMICS 
CORPORATION 


115 VOLTS 
6 or 400 cps 


INPUT NO. 1 


INPUT NO. 2 


@ MAGNETIC PRE-AMP + 
SATURABLE TRANSFORMERS 
Supply: 115 volt 400 cps. 
Power output: 3.5, 6, 10, 18 watts 
Sensitivity: 1 volt AC 
Response Time: .03 sec. 
Lowest Cost — Smallest Size 
For further information requeft Form $493 


@ MAGNETIC PRE-AMP + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 cps. 
Power output: 5, 10, 15, 20 watts 
Sensitivity: .1 volt AC 
Response Time: .008 to .1 sec. 
Highest performance — All magnetic 
For further information request Form $496 


@ TRANSI-MAG*: TRANSISTOR + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 or 60 cps. 
Power output: 2, 5, 10, 15, 20 watts 
Sensitivity: .08 volt AC into 10,000 ohms 
Response Time: .01 sec. 
Fast response at high gain 
For further information request Form $499 

(400 cps.); Form $497 (60 cps.) 


= MAGNETIC 
iN * AMPLIFIERS - INC 


Nes) 


Telephone: CYpress 2-6610 
632 TINTON AVE., NEW YORK 55, N. Y. 
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A new, large size, 
flat bed, 
versatile 

2-axis recorder... 


AUTOGRAF 


trademark 


MODEL 2 


Curves are available for 
observation and labeling 
while they are being drawn, 


BOTH AUTOGRAF 
MODELS ARE OUTSTANDING 


FOR THEIR VERSATILITY 


NEW MODEL 20 SERIES 


DC VOLTMETER 


The versatility and labor-saving convemence 
of the original portable Autograf have now 
been built into an instrument which handles 
standard 11” x 1614” graph papers. Model 2 
has the same scales and ranges as Model 1 
(0-5 millivolts to 0-100 volts each axis); same 
speed (full scale X and Y in one second); 
same input impedance (200,000 ohms per 
volt). In addition, depressed zero available 
each axis, larger re- 

cording area (twice as 

big), flat bed, easy- 

reading design. 

THE AUTOGRAF 

MODEL 1 

general purpose 82” 

x 11” X-Y recorder — 


is doing duty in hundreds of laboratory appli- 
cations: chemical, electrical, electronic, wind 
tunnel, computer... And on production lines: 
measuring motors, filters, tubes, transistors, 
airfoils, amplifiers, rectifiers, magnetic cir- 
cuits and materials, nuclear devices, etc.... 


AUTOGRAF 
CURVE FOLLOWER 


plots or reads out Y vs. 
X. Either Model 1 or 
Model 2 can be fur- 
nished as a recorder/ 
curve follower. 


AUTOGRAF 
POINT PLOTTER 


Models 1 and 2 may be 
fitted for point plotting 
from keyboard or other 
digital sources. 


A new high accuracy, 
easy-to-read, multi- 
range servo-voltmeter 
with fast response. 
Scales 0-3 millivolts to 
0-300 volts. Zero left or 
zero center. Designed 
for indication, control, 
or analog to digital 
conversion. 


Bulletins describing these instruments 
are available, and we will be glad to 
send you the ones you want. Write... 
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MILLIWATT INPUT controls 
sizeable servo. 


With relatively little power this 
electro-mechanical amplifier controls 
sizeable motor through movement of 
its output shaft. It employs a combina 
tion of planetary gearing and station- 
ary dry magnetic clutches to avoid 
power packing and slip rings. Its zero 
backlash and high torque make it 
especially suitable for the high speed 
servomechanisms used in computers, 
guided missles, and aircraft control. 


Characteristics 


Input Power 50 to 100 mv 
Output Torque. . . 5 in.-lb. at 60 rpm 
Power Requirements. .available for most 
standard line frequencies and voltages 
ee 23 in. diam by 45 in. long 
Weight..... 3 Ib, 2 oz 
Electomic 
Conn. 


Designs, Greenwich, 
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COMPONENT 
PARTS 


| ss GUDEMAN 
18-400. ----ee 
XCTEIB4K 


MINI-CAPACITOR stands 
up in hot places. 


This new line of tubular hermetic- 
ally sealed miniature capacitors has 
been designed for continuous opera- 
tion from minus 65 to 165 deg C. Its 
insulation resistance values are 50,000 
megohm-microfarads minimum at 25 


| deg C, 100 at 125 deg C, and 20 at 
f &. MOSELEY CO., 407 NORTH FAIR OAKS AVENUE, PASADENA 3, CALIFORNIA | 165 deg C. These component parts 
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look like a natural for instruments 
and servo systems that must be near 
hot industrial or military activity. The 
Gudeman Co., 340 W. Huron St., 
Chicago 10, III. 
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BOBBINLESS RESISTORS out- 
perform conventional types. 


The bobbin has been replaced by a 
scaled-in ceramic tube in these resis- 
tors and along with it has gone man; 
of the inductance and capacitance 
effects which have plagued conven 
tional wire-wound resistor design. The 
new method of making these is pat- 
ented. Aside from having no bobbin, 
they come out smaller, have closer 
tolerances, and actually are less costly 
to make. In addition, wiring strains 
ire eliminated and no artifical aging 
is needed. 

Ihe small size and high perform- 
ance suggested by this new line indi- 
cates its applicability in computers and 
precision instruments where space and 
accuracy are at a premium. Monson 
Mfg. Corp., 6059 W. Belmont Ave., 
Chicago 34, III. 
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JUNCTION DIODE shrinks 
below peanut size. 


The picture gives you an idea how 
small this new sub-miniature german- 
ium gold-junction diode is. That’s the 
lead of a mechanical pencil pointing 
at it. Its actual size is .265 in. long by 
.130 in. wide, maximum. 

Is this a performing diode? Its char- 
acteristics, published in an informa- 
tive catalog, certainly indicate that 
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REGOHM 








(Photo 4 
Sas” 


Disturbance 
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Regohm keeps radiation energy constant 
for new infrared spectrometers 


Since infrared analysis must be able to re- 
cord changes as slight as 1 part in a million 
of a chemical substance, the energy source 
must be kept constant. The above block 
diagram shows how Regohm does this for 
a Perkin-Elmer Infrared Spectrometer. 

In most applications, Regohm directly 
senses what it controls. Here, however, 
Regohm serves as a power amplifier. A 
photo tube acts as the sensing device. Its 
output is electronically amplified, using a 
balanced DC amplifier to raise the power 
level of signal and eliminate the effects of 
drift. 

The photo tube is constantly sensitive to 
changes from the Nernst glower by deliver- 
ing current output proportional to changes 
in radiation. Output from the Reference Bal- 
anced Amplifier changes above and below 
fixed voltage. 

Reacting to milliwatt output changes in 
the amplifier, Regohm produces large 
changes in power input to the Nernst 
glower. Hence, the Regohm circuit adjusts 
for all variations in source intensity, coun- 
teracting disturbance from power input 
changes and ambient temperature condi- 
tions. Regohm’s dashpot stabilizes the con- 
trol system. 

Electric Regulator takes pride in the fact 
that high performance alone was the reason 
for P-E’s choice of Regohm for equipment 
that is the “Cadillac” in its field. 

7 Reasons why Regohm can simplify 
your control problem 

1. Regohm is small in size—It is compact, light- 
weight, position-free. 

2. Regohm is a high-gain power amplifier—\Mil- 
liwatt variations in signal energy control 
energy changes millions of times greater. 


3. Regohm’s isolated signal and control circuits 


REGOHM 














Assembling a Perkin-Elmer 
Infrared Spectromrete 


eliminate impedance matching problems—Sig- 
nal coils may have ratings from 0.01 to 350 
amperes. ¢ ontrol resistance range unlimited. 


4. Regohm will correct system instability—A re- 
liable, sturdy dashpot aids system damping. 


5. Regohrr's effect can be calculated in advance 
Its response is independent of rest of servo 
system. 


6. Regohm assures continuous control—In 
“closed loop” systems a high speed averag- 
ing effect occurs. 

7. Regohm has long life—Plug-in feature sim- 
plifies replacement when necessary. 


Regol m can bé applied lo your 
system or regulation problem. Our engineer- 
ing and research facilities ave always at your 
service. Write for Bulletin 505.00, analyzing 
Regohm's characteristics and applications. 
Address Dept. A, Electric Regulator Corpo- 
ration, Norwalk, 


control 


Conn. 


j———= CONTROL COMPONENT IN: Servo systems « battery 
chargers + airborne controls + portable and station- 
ary generators « marine radar « inverters + locomo- 


tive braking systems + mobile telephones + guided 
missiles « signal and alarm systems + telephone 
central station equipment + magnetic clutches « rail- 
road communication systems + magnetic amplifiers. 








INSTRUMENTATION 
ENGINEER 


(Physicist or Electronics Engineer) 


Once in a lifetime opportunity for 
physicist or electronics engineer with 
ability to design, construct and install 
setups used to obtain data on engine 
ignition and performance. Setups will 
be diversified so that projects might 
require mechanical and electronics in- 
strumentation as required to best ob- 
tain information. 


Also included will be design of 
auxiliary control circuits and writing 
of operation manual to be used by 
experimental department personnel. 


ELECTRONICS 
ENGINEER OR 
PHYSICIST 


If you have experience or ability in 
design, construction and evaluation of 
high voltage, high frequency circuits, 
we have an exceptional opportunity in 
which you will be interested. 


Position requires applicant capable 
of designing circuits incorporating 
transistors, magnetic amplifiers and 
semi-conductors. 


Interested applicants possessing nec- 
essary qualifications may apply for 
either of these excellent positions by 
writing to the Personnel Director, Elec- 
tric Auto-Lite Company, Toledo 1, Ohio, 
outlining all pertinent data regarding 
responsibilities of present position, 
past experience, training and salary 
requirements. 
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this has stability and excellent elec- 
trical qualities. It is manufactured 
with a fused-sealed, one-piece glass 
body, and its crystal is permanently 
bonded to its dumet lead. The cat- 
whisker is welded to its lead, and its 
point is in turn welded to the crystal. 

The high forward conductance 


coupled with high back resistance 
make this line particularly attractive 
for magnetic amplifier circuits, clamps, 
de restorers, and logical gates. Hughes 
Aircraft Company, Florence Avenue 
at Teale St., Culver City, Calif. 


Circle No. 29 on reply card 





ELECTRICAL SCHEMATICS graphically displayed for rapid 
trouble-shooting of control-system circuitry. 





Here is a clever and useful variation 
of the graphic-panel idea for simplify- 
ing process control for the operator. 
In this case the electrical sinews of a 
control system are exposed graphically 
on a panel. Hence a quick apraisal of 
a system’s electrical dynamics is pos- 
sible and the time needed to isolate 
a fault can be cut by as much as 90 
per cent. 


434A4-2 SR4-2An 


—» ee 


The photographs quickly define the 
system. The panel brings together 
wired-in diagrams of all inter-related 
electrical controls in a process or opera- 
tion. These are behind sheets of trans- 
parent plastic and are equipped with 
terminal check points and indicating 
lights for sequence following and 
checking. As the close-up shows, a 
man simply runs over points with a 
grounded electrical probe. 

The editors of Control Engineering 
see added significance in this develop- 
ment. Process industries have already 
swung to a parallel graphic approach, 
which follows the operation of hard- 
ware of a control system. With the 
definite trend to electrical “‘muscles 
and nerves” for control and the ad- 
mixture of process with materials 
handling and machine operations, this 
new electrical-graphic approach may 
well blend into what may soon be con- 
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sidered the master control panel of the 
automatic factory. W. F. and John 
Barnes Co., 301 S. Water St., Rock- 
ford, Il. 


Circle No. 30 on reply card 


SWITCHES, 
RELAYS, 
VALVES 


LIMIT SWITCHES offer 
big, sturdy overtravel. 


Good overtravel in limit switches 
has been a testy business. When be- 
yond-limit travel becomes usual in a 
system, its switches start to fail. This 
switch, however, has been specifically 
designed to give 70 deg over-travel in 
either direction—and still hold up. As 
a matter of fact, its maker claims that 
it outlasted other comparable heavy- 
duty limit switches five to one in a 
rigid accelerated mechanical test in- 
volving 50 deg over-travel at 150 times 
per min. This is the result of a new 
trigger-type mechanism in the com- 
pany’s standard line of limit switches. 
R. B. Denison Mrg. Co., 102 St. Clair 
Ave., N. W., Cleveland 13, Ohio 


Circle No. 31, on reply card 


— Pressure Port Pressure 
\ Adjustment 
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Reservoir Port 


RELIEF VALVE relies on 
guided piston. 


A guided piston action in this 
spring-loaded relief valve makes it par- 
ticularly useful in hydraulic circuits 
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AIR POLLUTION 


How To Make Your 
Smoke Stack Act 
Taller Than It Is! 


New wind operated, automatic controller ener- 
gizes forced draft or heat systems under un- 
favorable meteorological conditions . . . thereby 
increasing “effective stack height.” It's called 
The Bendix-Friez Windtrol”*. 


Meteorologists, studying smoke behavior under almost 
all kinds of turbulence, temperature and humidity condi- 
tions have come up with some basic answers for forecasting 
smoke behavior. 

TAKE THIS SITUATION 

For example, the plant that we’re talking about has a 
relatively low stack. The release of fly ash with its stack 
effluent results in many complaints under certain meteoro- 
logical conditions. How can this be corrected . . . without 
great expense? Let’s see what the principles of stack mete- 
orology can show us. 

By checking wind speed and direction . . . unfavorable 
quadrant can be discovered. First, you install at near stack 
height the Bendix Windtrol Transmitter. This detects the 
wind speed and direction. The unfavorable quadrant is es- 
tablished for air pollution and the controller (located indoors 
on any convenient wall) is wired 
accordingly. The controller is 
then connected to a forced 
draft fan, a booster blower or 
a stack oil burner. 


HOW IT WORKS 


The transmitter of the Windtrol has been constructed so 

that the controller circuit is energized when the wind speed 

is less than a selected value, and the wind direction is 

from a specified arc. Normally, it is wired so that both 

conditions must exist simultaneously for the circuit to be 
energized. 
Observations indicate that many situations 
will arise because of the gustiness of the wind } 
in which either or both, the direction and VW 
speed will oscillate rather rapidly in the 
vicinity of the selected limits. This could ! 
result in intermittent and short period closures ! 
of the controlling circuit, were it not for a 
built-in time delay device which causes the ] 
actuating power relay to remain open or wv 
closed for a given length of time after the 
direction or speed has changed from the re | 
quired limits. ‘ 


1 
L¢--~<----<-- 
SUGGESTED USES 


Control stack effluents for selected quadrants and speed 
Automatically increase “effective height’ by draft or heat 
Eliminate guess-work warnings. 

Automatically introduce counter-odorants. 

Operate air-cleaning devices for selected wind directions 
and wind speeds. 


FOR FURTHER INFORMATION, WRITE TODAY. *Pat. Appl. for 











FRIEZ INSTRUMENT DIVISION OF BENDIX AVIATION CORPORATION 


1472 TAYLOR AVENUE, BALTIMORE 4, MARYLAND 
Export Sales 
Bendix International Division, 205 E. 42nd St., New York 17, N. Y., U. S. A. 
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MINIATURE 


RIID CONTROLS 


Push-Pull 
Control 
Accuracy 


a —— _ 
A I \\ 
% Minimum of Intermediate Support 


% Will Operate Efficiently Through 
Tight Bends 


% Long Life, Trouble-free Service 


Precision miniature rigid controls are 
ideal for reset mechanisms, actuators 
for valve position indicators, and other 
instrument and machine applications. 
They are low-cost, relatively simple to 
install, and provide a positive direct 
link. 


Write for complete information, 
stating your application. 


ARENS CONTROLS, INC. 


2027 Greenleaf Street, Evanston, Illinois 











Electro-Mechanical Engineers 


Mechanical Engineers 


required for work in the development of 
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where pressure is controlled by con- 
tinuous flow through the valve itself. 
The model has standard, screw, or 
hand-knob pressure adjustment in 
seven different pressure ranges. ‘These 
extend from 10-30 psi on up to 200- 
600 psi. Available sizes are 4 and @ 
in. A major use is for controlling pres- 
sure in clamping or feed circuits. 
Fluid Controls, Inc., 1284 North 
Center St., Mentor, Ohio 


Circle No. 32 on reply card 


VALVE ACTUATORS shed 
and hook-up easy. 


Here is a novel idea in valve-actuator 
versatility. This valve firm has come 
up with a series of “snap-on’’ devices 
that will fit out its basic valve line 
with (shown from left to right) 
straight air, cam roller, finger-tip, and 
hand actuation. Mounting brackets 
are provided for setting the valve and 
its actuator in any position. The de- 
vices are suitable for air valves with 
4 to 4 in. ports and for hydraulic 
valves having 4 to @ in. ports. Beckett- 
Harcum Co., Wayne Road, Wilming- 
ton, Ohio 


Circle No. 33 on reply card 


Airborne 
Digital Computer Systems 


CONVERSION DEVICES 
MEMORY SYSTEMS 
SUB-MINIATURIZATION 
PACKAGING 


POWER RELAY acts like 


involving 
telephone type. 

The maker claims that this new 
power relay is as sensitive and accurate 
as its delicate telephone relay cousin. 
Some proof: it has handled inrush 
currents of 50 amps for 50,000 opera- 
tions and has exceeded 500,000 opera- 
tions on motor load of 6 amps, with 
inrush of 15 amps—and at 70,000 ft 
altitude. Yet normal rating of this re- 





The Ramo-Wooldridge Corporation 


Dept. CE-C, 8820 Bellanca Avenue, Los Angeles 45, California 


Consideration must be given to whether relocation of 
applicant will disrupt other important military work. 
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lay is 10 amps for 115 vac, and 10 


amps for 274 vde. It is only 2} in. long 


and about 14 in. diam. C. P. Clare & 
Co., +101 West Pratt Blvd., Chicago 
45, Ill. 


Circle No. 34 on reply card 


ATC DESIGNS an attractive, 
compact, and serviceable 
panel-mounting timer. 





THE ONLY 
COMPLETE HANDBOOK 
ON PRESSURE & VACUUM SWITCHES 


As an aid in planning the vital link between your electric and 
hydraulic circuits, this manual contains a glossary of terms and 
a schematic demonstration of operating characteristics. Functions 
and methods are described in detail and liberally clarified with 
diagrams and illustrations, including symbols for circuit detail- 
ing and specification purposes. To provide the means for proper 
selection of a pressure switch for your specific application, a 
simple step by step selection chart has been developed helping 
you to organize your requirements in their relative order. Finally 
a complete run-down, illustration and tabulation of all the detail 
features leading to the unit that answers your specific control 


problem. You couldn't buy a comparable handbook. 

This new industrial timer caught 
many eyes at the recent International 
Instrument Exposition in Philadel- 
phia. It combines an unusually attrac- 
tive design with some practical serv 
ice features. 

Ihe photographs tell the storv: 

1—Front view of the timer shows 
its one-piece molded plastic face at 
tached to a_phenolic-sleeve-covered 
works. A sturdy central knob is used 
to set the time-interval pointer on the 
glassed-in dial. 

2—Here the dial face is separated 
to show its clamping holes and the 
unique front-mounted O-ring clutch- 
ing system. When the clutch is en- 
gaged, the motor drives the outer 
lapped pointer. A projection on the 
rear of this pointer tip is pulled into 
the neoprene O-ring which forms the 


FOR EXTREME ACCURACY, 
Diaphragm and Bourdon Tube Switches 
Vacuum to 12,000 P.S.I. 


FOR EXTREMELY LONG LIFE, 
Piston Switches, Low Settings — High 
Proof Pressures to 15,000 P.S.lI. 


FOR HAZARDOUS LOCATIONS 
Explosion-Proof Models 


ALL SWITCHES operate in any position, 


are not sensitive to vibration. 


BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 


5125 Alcoa Avenue, Los Angeles 58, California 
eee 


Please send a copy of the above described Free handbook 4M. i 


NAME TITLE 








ADDRESS 





CITY ZONE STATE 





i 
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i COMPANY 
i 
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rim of the motor driven plate. This 
simple clutch completely eliminates 
linkage and trip-out mechanism. 
3—This side view shows the pro- 
tecting sleeve removed from the actu- 
ating and control mechanism. This 
arrangement shows how the unit easily 
fits into a 34 in. panel-mounting hole. 


as 


Not shown is an engineering back-up 
O-ring and panel-mounting clamp. 
Note the rocker arm which applies 
tension to the clutch shaft. In the 
upper connection the unit is direct 
acting and resets on power failure. 
The lower position provides reverse 
action. 

4—This rear view shows how 
NEMA ratings are met with the 
motor’s one-piece molded terminal 
block. Proper spacing and barriers be- 
tween terminals are used. 

Some of the plus values provided 
by this design: very rapid reset due 
to front-located clutch; no discernable 
rebound; direct access to switches and 
their contacts; open visual inspection 
of timer clutch action; quick conver- 
sion to various ranges; ““block’’ re- 
placement servicing. 


LEVEL-GAGING SYSTEM servo-positions its probe and reads 
out within 1/16 in. error on large industrial tanks. 


Most methods of gaging level in 
industrial vessels are reliable to within 
a few inches at best. Yet an error of 
only 4 in. in a 160 ft. diam tank can 
misgage almost 3,200 gal. of product. 
This new, completely “packaged” 
level-gaging system is claimed to ac- 
curately read to sy in. 

Elements of the system are seen 
in the picture of tanks at the new 
Paulsboro terminal of Esso Standard 
Oil Co. A capacitance-probe sensing 
element is hoist-suspended in the tank. 
A servo system located in an explosion 
proof housing at base of tank-driven 


65 ~_nnwf 6 aff often Bohne GF BOR 


by rf signals, raises or lowers the probe 
with level. Transmission lines are run 
off to a central indicating station, 
which offers a quick scan of level and 
temperature of the complete tank 
farm. 

What you don’t see in the pictures 
is the ingenuity in the design of com- 
ponents for the system. These com- 
bine sensitivity and plug-in service 
aspects with ruggedization. We sug- 
gest that you send for the maker’s 
well-illustrated catalogues. Gilbert & 
Barker Mfg. Co., West Springfield, 
Mass. 


Automatic Temperature Control Co., 
5200 Pulaski Ave., Phila. 44, Pa. 
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Bulletins 
& 
Catalogs 


ISSUED SINCE SEPTEMBER 15 


Here’s how to get important 
literature that belongs in your 
technical library. Selected by 
the editors of Conrrot EnNcI- 
NEERING, it is yours at no cost. 


Circle here —~ 


The numbers you 
select here | 


(51) pH CONTROL SYSTEMS. The 
Bristol Co., Bulletin Q1304, 38 pp. Gives 
full eering specifications an illustra- 
tions of each component of pH recording 
and control systems. Shows method of in- 
stalling pH instruments in a number of dif- 
ferent applications. Contains wy A of 
installations in various manufacturing fields 


(52) SPEED REDUCER MOTORS. 

Bodine Electric Co., Bulletin 1023A, 3 pp. 

Describes new K-2RM ac helical-gear 
speed reducer motors. Available with out- 
ut speeds 280 to .7 rpm at torques from 
.7 to 120 in.-oz. 


(53) TRANSDUCERS. AiResearch Man- 
ufacturing Co., Catalog, 26 pp. Gives the 
operatin principles, typical tions, 
and performance characteristics of trans- 
ducers for measuring pressure ratio, air- 
stream direction, total temperature, ac- 
celeration, static re, 

pressure, incremental pressure, and vertical 
velocity. 


(54) TOROIDAL COILS. Hycor Co., 
Inc., Bulletin STP, 4 pp. Supplies com- 
plete technical data including general char- 
acteristics, specification charts for toroidal 
coils that are available uncased, cased, and 
encapsulated. 


(55) SYSTEMS ENGINEERING. Con- 
solidated Engineering Corp., Brochure, 16 
pp. Case histories of typical instrumenta- 
tion systems, applications, biographies on 
key personnel, description of service facili- 

ties, and methods of planning used to solve 
pr ae problems. 
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(56) SYNCHRONOUS DRIVEN MG 
SETS. Palmer —— Manufacturing Co., 

Brochure P400-54, 6 pp. Presents detailed 
specifications on synchronous driven 1200 
rpm M.G sets with magnetic-amplifier con- 
trols, from 5 kw to 100 kw. 


(57) QUICK-CONNECT MINIATURE 
CONTROLLER. Minneapolis-H 
Regulator Co., Bulletin 7201, 11 pp. 

all specifications of the miniature ne 
ers, with details of their operation and 
typical applications. 


(58) PILOT LIGHT SELECTION. Dia- 
light Corp., Brochure, 8 pp. Design factors 
and practical requirements that enter into 
the selection of pilot lights are discussed. 
Treats the subject in two sections, pilot 
light lamps, and pilot light assemblies. 


(59) HIGH SPEED FRAMING CAM- 
ERAS. Beckman & Whitley, Inc., Form 
189, 4 pp. Describes two research cameras 
capable of 1.2 and 2.4 million frames per 
second, total number of frames in each 
case being 25. Details of the optical sys- 
tem, operation of the camera, and a 
schematic of the complete camera system 
are included. 


CONTROL ENGINEERING—A McGraw-Hill! Publication 


(60) FUEL-AIR RATIO CONTROL. 
Leeds & Northrup Co., 2 Data ne 
Sheet ND69(1) describes the 
for all-electric operation; sheet Npbo a1) 
describes the pneumatic controller. 


(61) VOLUMETRIC CHLORINE GAS 
FEEDERS. Builders-Providence, Inc., Bul- 
letins 840-L23 and 840-L28. L23 details 
the operation, safety features, and — 
characteristics of the Model EVS Eh i 
izer. L28 outlines typical specifications. 


(62) VALVE CONTROL BY FLEXI- 
BLE SHAFTS. Stow Manufacturi Co., 
Bulletin 528, 16 pp. Design manual gives 
selection and installation data, plus catalog, 
on flexible-shafting remote-control systems. 


(63) ULTRA VIOLET BLACK LIGHT. 
Burton Manufacturing Co., Brochure, 16 
pp. Factual information about the uses 

and potentialities of ultra-violet in intasien, 
research, production, and inspection. 


(64) SYNCHROS FROM ENGLAND 
Muirhead & Co., Ltd., Catalog 7580. 
Compares English and American termin- 
ology about Magslips (synchros), and dis- 
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types, windings, and phasing arrangements. 
(65) WIRE AND INSULATION. The 
William Brand & Co., Turbo Products 
Catalog 54, 44 Defines technical 
terms, and gives tables of insulation re- 
sistance, temperature coefficients, and tem- 
perature conversion, plus catalog of com- 
plete line of Turbo electrical wire and 
insulation products. 


(66) VALVES AND METERS. Simplex 
Valve & Meter Co., Bulletin 050, ry pp. 
Included are descriptions and character- 
istics of standard se elliptical venturi 
tubes and parabolic flumes, as well as 
recording and totalizing units. 


(67) COMMUTATOR MOTORS. Elec- 
tric Indicator Co., Ca’ EI-2A, 

Gives data on field., rom and save 
wound motors as well as 

magnet and separately excited types. Per. 
formance curves, dimensional drawings, 
and specifications are included. 

(68) METERING AND PROPORTION- 
ING. HillsMcCanna Co., Bulletin AP- 
54, 6 pp. Contains description, specifica- 
tions, and performance data on a packless, 
positive-displacement pump for metering 


(69) TRANSISTORS AND DIODES. 
Radio Receptor Co., Bulletin G-23B, 8 pp. 
Lists physical and electrical characteristics 
of all germanium diodes and germanium 
transistors now manufactured by Radio 
Receptor. 


(70) COMBINATION SAFETY SHUT- 
OFF VALVE. Valco, Inc., Form 200, 
2 pp. Describes operation and construction 
of combination safety valve that protects 
against over-pressure and fuel-fed fires in 
gas installations. 


(71) CONE-DRIVE GEAR SETS. Cone- 
Drive Gears Div., Michigan Tool Co., 
Bulletin 700, 16 pp. Selection and order. 
ing information, worm dimensions, gear 
and spider standards, tool charts, and 
horsepower ratings of standardized gear 
sets. 


(72) HIGH PRECISION VOLTAGE 
DIVIDER. Electro-Measurements _Inc., 
Form A-6, 2pp. Electrical and physical 
characteristics of Dekaviders, which have 
ton of of 50 parts per million, resolu- 
3 HF ong per million, and 100,000 
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(73) TIME DELAY RELAY. AGA Div., 
Elastic Stop Nut Corp. of America, Bul- 
Details on a time-delay 


len SR 2 
allow push-button opera- 
ek ce eniek & Gdlged coutecs hee 
deenergization. 


(74) WATER 5 oage gr pang Bactly 
rane Corp., B PP 

covers entire line of water-conditioning 
equipment, including demineralizers, zeo- 
lite softeners, reactors, deaerators, filters, 
and hydromatic control valves. 


(75) REGULATED AND UNREGU- 
LATED POWER SUPPLIES. Lambda 
Electronics Corp., Catalog. Description 
and tions for 35 power supplies, 
including twelve new models. 

(76) SELF-FLARING  PRESSURE- 
TIGHT FITTINGS. Cen Products, 
Inc., Bulletin. hd Covers line of self- 
flaring fittings their applications. 

(77) BLOWDOWN TUNNEL PRES 
SURE CONTROL SYSTEM. CDC Con- 
trol Services, Inc., Engineering Bulletin 
V-4001, 4 pp. Details the solution of a 
difficult pressure-control problem using 
analog computational methods. 

(78) PISTON-TYPE RELIEF VALVE. 
Fluid Controls, Inc., 2 ae _—_ 
2 pp. Application and 


on valves for circuits where 
controlled by continuous flow ce the 
relief valves. 


(79) TEMPERATURE MONITORING 
SYSTEM. Thomas A. Edison, Inc., Bulle- 
tin 3036, 4 pp. Description of a building- 
block system of temperature —! 


that gives simultaneous measuremen 
hundred points without scanning. 


(80) MINIATURIZED DIGITAL CON- 
VERTER. Da Instrument Co., Bro- 
chure 54-A-8, 4 pp. — and physical 
characteristics of a solenoid-com- 
mutator type of lh Boar igital converter. 


(81) AIR DATA COMPUTER. Servo- 
mechanisms, Inc., Brochure, 8 pp. De- 
scribes the measurements, the operations 
that must be performed, and the working 
of a modem aircraft flight-control com- 
putor. 
(82) AEROSOL AND SMOKE PHOTO.- 
METER. Phoenix Precision Instrument 
oe Bulletin JM-1000-A, 8 pp. Gives 
rinciples of operation of forward-scatter- 
photometer and its application, plus 
ocenatie drawing. Catalogs logarithmic 
amplifiers, strip-chart recorders, and other 
accessories. 
(83) HYSTERESIS SYNCHRONOUS 
MOTORS. Technical Deve’ 
Catalog 403-2, 4 pp. Comp 
and mechanical specifications on a line ot 
nineteen motors designed to drive 
netic tape at all standard speeds, di 
from the capstan, without gears or friction 
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Chem Theory for You 


ELEMENTARY CHEMICAL ENGINEER 
1NG. Max S. Peters, Assistant Professor 
of Chemical Engineering, University of 
Illinois, 6 by 9 in., 322 pp. Published 
by McGraw-Hill Book Co., Inc., 330 
W. 42d Street, N. Y. 36, N. Y. $6.00 
Here is chemical engineering for 
the control engineer. The early chap- 
ters present a composite picture of 
the subject, acquainting the reader 
with the field as a whole. Thus the 
need can be seen for understanding 
the various principles. 

To emphasize the fact that the vari- 
ous parts are related, a separate sec- 
tion on equipment is included. Most 
chemical engineering texts _ briefly 
describe equipment in each separate 
chapter on operations. Here the main 
discussion of equipment is collected 
in one chapter, giving a better overall 
view of what is used in chemical proc- 
essing. 

Mathematics, in general, is at the 
undergraduate level, and many of the 
derivations have been simplified. The 
fundamental derivations, using more 
rigorous math, are included in the 
appendix for those who must have 
them. 

Chapters cover: stoichimetry, fluid 
flow, heat transfer, evaporation, dis- 
tillation, absorption and extraction, 
humidification and dehumidification, 
drying, filtration, chemical technology, 
chemical engineering economics, and 
plant design. 

References to the chemical engi- 
neering literature show where to get 
additional information. 


Dynamics in Theory 


Controt System Dynamics. Walter 
R. Evans, Systems Group Leader, Elec- 
tromechanical Engineering Dept., 
North American Aviation, Inc., 6 by 9 
in., 282 pp. Published by McGraw-Hill 
Book Co., Inc., 330 W. 42d St., N. Y. 
36, N. Y. $7.00 


A book on this subject may be ex- 
pected to serve both as a textbook 
for college courses and as a reference 
text for practicing engineers who want 
to learn this new field. The book 
therefore is written so that a reader 
can start with any of the first seven 
chapters depending on his previous 
knowledge. 

Summary statements in italics begin 
each article to permit more precise 
selection of topics. This simple option 
for the reader to omit topics gave the 
author greater freedom to include 
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physical explanations of concepts that 
many readers would prefer to accept 
simply as mathematical facts. 

Thus Chapter 3, on fundamentals, 
goes all the way back to the reason for 
the choice of e in expressing a tran- 
sient as e*'. Chapter 4 develops the 
meaning of transfer functions from 
close study of the classical solution of 
simple differential equations, rather 
than by the Laplace transform. Chap- 
ter 7 develops the author’s root-locus 
method as a simple extension of fre- 
quency-response concepts. 

Other chapters treat multiple-loop 
systems, circuit analysis, use of de- 
teminants, and graphical analysis of 
non-linear systems. Appendices give 
a proof of Routh’s criterion and an 
explanation of the significance of 
autocorrelation functions in noise 
theory. 


Miscellany About Servos 


SERVOMECHANISM Practice. William 
R. Ahrendt, president, The Ahrendt 
Instrument Co., 6 by 9 in., 341 pp. 

Published by McGraw-Hill Book Co., 

Inc., 330 W. 42d Street, N. Y. 36, 

N. Y. $7.00 

To supplement the theory, the au- 
thor has collected bits and pieces of 
interesting and useful information 
about circuits and components and 
present practice in the design of 
servomechanisms. This is a things- 
you-ought-to-know kind of book. 

The book is organized for easy ref- 
erence, with each chapter assigned a 
single subject. For example, a chap- 
ter on potentiometers, covers their 
application, construction, mechanical 
and electrical characteristics, resolu- 
tion, noise, and tolerances. A table 
lists the characteristics of eighteen po- 
tentiometers made by seven avd a 
turers. 

This is typical of the treatment in 
other chapters, which discuss: syn- 
chros, double-speed synchronizing net- 
works, demodulators and modulators, 
networks (including the tabulation of 
thirteen networks with theiz open- 
loop transfer functions and _ gain 
curves), and electronic amplifiers. 

Similar chapters treat rate genera- 
tors, servomotors, friction dampers, 
magnetic amplifiers, rotating ampli- 
fiers, and hydraulic systems. Another 
chapter suggests a design procedure 
adequate for all but the most com- 
plex servomechanisms. An _ entire 
chapter deals with the practical prob- 
lems of manufacturing servomechan- 


isms, and another with testing equip- 
ment and methods. 

This book saves the basic theory 
for the appendix, and here gives a 20- 
page digest of the Laplace transform 
operational techniques (with a table 
of transforms). 

This is a useful book. It is a place 
to go when system-designing to be 
sure that you haven’t overlooked an- 
other way to do it. 


Physics Updated 


Mopern Puysics FOR THE ENGINEER. 
Edited by Louis N. Ridenour, Vice 
President, International Telemeter Corp., 
6 by 9 in., 499 pp. Published by Mc- 
Graw-Hill Book Company, Inc., 330 W. 
42nd St., N. Y. 36, N. Y. $7.50 


This book has the same title as an 
extension course given in the academic 
year 1952-53 at the University of Cali- 
fornia, Los Angeles. It is intended to 
familiarize engineers with current ad- 
vances in physics. 

Part I, The Laws of Nature, covers 
physics in its narrow definition—what 
we know of matter, of radiation, and 
the laws of their interaction. It opens 
with a chapter called relativity and 
H. P. Robertson which discusses the 
classical principle of relativity, its con- 
flict with electromagnetic theory, the 
special principle, and the general 
theory of relativity. Other chapters 
include: ‘Atomic Structure, Physics of 
the Solid State; Magnetism; Micro- 
wave Spectroscopy; Nuclear Structure 
and Transmutation; Electronuclear 
Machines; The Actinide Elements and 
Nuclear Power; and Elementary Par- 
ticles. 

Part Il, Man’s Physical Environ 
ment, deals with the application of 
physical laws and techniques of inves- 
tigation to the study of the universe, 
of the earth, and of the air. Chapters 
include: Astrophysics; High-pressure 
Phenomena with Applications to Geo- 
physics; The Earth beneath the Sea; 
Thunderstorms and Lightning Strokes; 
and Transient Phenomena in Super- 
sonic Flow. 

Part III should be of great interest 
to control engineers. A chapter, Elec- 
trons and Waves, by Simon Ramo dis- 
cusses, among other things, electron- 
stream noise, electron optics, traveling 
waves, and guided waves. A chapter 
on Semiconductor Electronics  dis- 
cusses types of semiconductors, energy 
bands, photoconductivity, the germa- 
nium diode; point-contact and junc- 
tion transistors, etc. 








Dec Miadh 9 ant Scouts 


MAGNETIC 
AMPLIFIER 


@ Response time 
of one cycle 
e Temp. range 
—55°Cto+ 85°C 
e Power supply 
115V, 400 cps, 
single phase 
e@ Hermetically 
sealed reactor 
unit only 242” 
high and 2%” 
diam., weighs 
less than 12 oz. 


The R40G10W1 can be supplied either 
as illustrated or with a built-in magnetic, 
transistor, or vacuum tube preamplifier. 
The moisture and fungus proofed rec- 
tifier is supplied for external mounting. 
This economical and rugged unit is ideal 
for integration with servo systems re- 
quiring Mark 7 or 8 motors. Write for 
details, 


6 
RESEARCH 
& DEVELOPMENT C6 : inc 


202 TILLARY STREET 
UY stoons 1, NEW YORK 
Telephone: Ulster 2-6800 


y: 


wow 


ss ate ee heard? 


There’s a 


KURMAN RELAY 


for — 








applications! 


Send for complete 
catalog C 


| Rig 
KURMAN ELECTRIC CO., INC. 
Quality Relays Since 1928 


35-18 37th St., Long Island City 1, N. Y. 








84 


WHAT'S NEW ABSTRACTS 





A Damping Meter 


From “The Dampometer,” by Carl 
Olof Olsson and Kazimierz Orlik- 
Riickemann, The Aeronautical Re- 
search Institute of Sweden. “Elec 
tronic Engineering,’ October 1954, 
London. 


The damping in an electrical or 
mechanical system is usually measured 
by recording the decaying oscillations 
induced by an applied transient. ‘The 
logarithmic decrement and the fre- 
quency can then be found from the 
recording, and the damping factor of 
the system can be calculated. 

This procedure is straightforward, 
although it is rather slow and tedious. 
Further, because of the many meas- 
urements which have to be made, the 
result is not always accurate. 

This article describes an electronic 
meter that gives the values of the 
logarithmic decrement and the fre- 
quency directly in decimal digits si- 
multaneously with the oscillation test. 

“The Dampometer”’ is based on the 
idea of representing the harmonic 
damped oscillation by a rotating vector 
in such a way that the rate of decrease 
of the length of the vector is a meas- 
ure of the damping of the oscillating 
sytsem. ‘The curve thus described by 
the vector is a logarithmic spiral. 


disk with a number of equally spaced 
radial slots, all the same length and 
the same distance from the center. 
While the spot moves on the spiral, 
it passes the slots in the screen and 
gives light pulses to a photocell. The 
number of pulses produced by the 
cathode-ray tube, while the radius vec 
tor of the spiral decreases from the 
outer to the inner radius of the slots, 
is registered on an electronic counter 
directly in decimal digits. The log 
arithmic decrement of the oscillation 
is inversely proportional to this 
number. 

A second electronic counter meas- 
ures the time over a number of pulses 
thus determining the frequency of the 
oscillation. 

The instrument described has been 
used for some time for free oscillation 
measurements of the dynamic stabilits 
derivatives of airplane models in wind 
tunnels, and has proven very satis 
factory. 

The present design is accurate to 
2 per cent for a logarithmic decrement 
less than 2 from .5 to 500 cps. It can 
be used, of course, for negative damp 
ing. For higher absolute values of the 
logarithmic decrement the accuracy 
decreases. ‘The results appear simul 
taneously with the oscillation test. 
hus several tests can be performed 








The oscillation to be investigated 
is applied as a voltage to the four de- 
flecting plates of a cathode-ray tube 
with a 90 deg phase shift between 
successive plates. The resulting deflec- 
tion of the cathode-ray (i.e., the length 
of the radius vector to the spot on the 
screen), is proportional to the ordinate 
of the envelope of the oscillation. 
When the oscillation is damped, the 
spot moves on a logarithmic spiral 
towards the center of the screen (one 
revolution corresponding to one cycle 
of oscillation ), as in the drawing. 

The screen is covered by a circular 


and evaluated in a short time to give 
a representative mean value. 

The range and the accuracy of the 
apparatus can be increased by using a 
larger cathode-ray tube, faster count 
ers, higher radius ratio, and a larger 
number of slots. The principle can 
be adapted up to frequencies of the 
order of 1 megacycle, if damping is 
not too high, which makes the Dampo- 
meter useful for widely different re- 
search fields. 

The article includes full theory and 
circuit details of the Dampometer, 
down to the value of all components 
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Optimizing Servos 


From “The ‘Least Squares’ Cri 
terion Applied to Linear Servos,” by 
R. Voles, E.M.I. Engineering De 
velopment Ltd. “Electronic Engi- 
neering,” October 1954, London. 


In optimizing servo design, final at 
tention is usually given to the svstem’s 
response to a step input. Various 
criteria, such as the number of over 
shoots or the amplitude of the first 
overshoot, are then applied to this 
response. ‘hese criteria are empirical 


and are often only a measure of the | 


extent to which the servo transient 
output fits the input. 

The “least squares” criterion of 
curve-fitting can be used in this analy- 
sis, and the method is not restricted 
to step transients. ‘The optimum val- 
ues of the system parameters corre- 
spond to the minimum integral of 
squared error over the transient. 

If the system transfer function is 
known, the integral of the square of 
the error over a transient, R, can be 
calculated either by direct integration 
of the squared-error time function or 
by integration in the complex plane. 
While these calculations give explicit 
solutions for the optimum system 
parameters, they are lengthy in all but 
the simplest cases. Also, these meth- 
ods cannot be applied to experimental 
systems where the transfer character- 
istic is known only in the form of a 
frequency-response diagram. 

The method outlined here quickly 


vields the approximate value of R for | 


a system defined by its response-vector 
locus and may thus be applied in both 
design and experiment. Approximate 
optimum system parameters can be 
found by plotting response-vector loci 


for various values of these parameters | 


and, by interpolation, selecting that 
combination which gives the least 
value of R. The method is illustrated 
by analysis of a second-order system. 


Computer History 


From “High Speed Automatic 
Computers,” by Andrew D. Booth, 
Director, Electronic Computer 
Project, Birkbeck College, Univer- 
sity of London. “Instrument Prac- 
tice,” September 1954, London. 


This article is the first of a series 
and gives a short history of the devel- 
opment of computing machinery. 

In 1642 Blaise Pascal constructed 
the first machine which would auto- 
matically add and subtract. Half a 


DECEMBER 1954 


Servo Test 


100-A Dynamic Analyzer 


for the laboratory evaluation problem 





@ Transient & freq y P 
of Servo loops & components. 


@ Hi-power AC or DC step for 
component transient test. 


Data frequencies .0002 to 50 
cps. Carrier frequencies 60 to 
2500 eps. 


101-A Servo Tester 


for field maintenance, production & 
environmental test. 


@ Checks transient response and 
static error. 


@ Standard conditions of test. 
@ For DC, 60 or 400 cps. loops. 
@ Simple & rapid test procedure 


* SERVO TESTER 
e M23 101A Bae SO im 
Cc 


USED BY LEADING GOVERNMENT 
AND INDUSTRIAL LABORATORIES 


© INDUSTRIAL CONTROL COMPANY 


MIDLANO 3-7548 
WYANDAWCH, L.1., WY 


FEEDBACK CONTROLS INCORPORATED 


The new name in Servo Systems 


& Components will be at the... 


AUTOMATION EXPOSITION 
IN NEW YORK CITY * NOV. 29—DEC. 2 


. . - and we would like very much 


to talk to you. 


BOOTH #218 Mastery of Practical Engineering 
BOOTH #218 Active Imagination 
BOOTH #218 Skillful Scientific Approach 


We will be there to find the best 


possible solution to your automation needs. 


FEEDBACK CONTRO! 35 INCORPORATED 


1332 NORTH HENRY STREET e ActX .NDRIA VIRGINIA e TEMPLE 6-7400 


85 





ee aeS * 
2 7” Write today for your free 
ad copy of this Technical Paper. 


A Precise, Wide-band, 
Continuously Variable 
Delay Line 


BY NORMAN GAW, JR. 

AND DAVID SILVERMAN 

Helipot Corporation 

MELVIN B. KLINE 

Instrument Division 

Allen B. DuMont Laboratories, Inc. 





Presented at THE 1954 WESCON 


VOOOOO 


xX SRI 


; wiinnii \ r t 
% UN | po first in precision potentiometers 
LLL 


‘ 


Helipot Corporation / South Pasadena, California B 


a division of BECKMAN INSTRUMENTS, INC. 


PRINTED 
CIRCUIT 
LOWERS 
COST on... 


wLelecliona 


DECIMAL DECADE TOTALIZER 


Incorporating printed circuitry into the TU-100P 
makes it possible to reduce fhe selling price 
by producing more uniform units, faster 

and more efficiently. Greater operating 
stability through better heat dissipation 
made possible by improved physical layout 

Standard octal plugs assure adaptability to 

most existing high speed counting equipment 


‘ 
Direct illuminated read-out; 


pulse pair resolution — 
5 microseconds; maximum, “ge 
. ta 
counting rate — 
i Relemeleley yt ae 1 


A Complete 

Line of: 

FREQUENCY COUNTERS 

RADIATION SCALERS : 
DECADE TOTALIZERS @ ACCESSORIES 


COMPUTER-MEASUREMENTS 7 ) \elecl toh 
Division of THE corP. 


5420 Vineland, Dept. 84-BNorth Hollywood, Calif. 


ABSTRACTS 





century later, Leibnitz extended the 
ideas of Pascal to produce a machine 
capable of multiplication and division. 

Calculators of the type now fa 
miliar did not appear until 1891 when 
Ohdner produced the variable toothed 
wheel which bears his name, although 
the actual invention appears to be 
due to Roth in 1841, and Baldwin 
constructed a machine using it in 
1875. 

Various numbers of teeth can pro 
ject from the Ohdner wheel according 
to the position of a central cam. The 
space which would normally be wasted, 
since only half of the circumference 
can be occupied with teeth, is used 
to produce the sequence of operations 
which give rise to the carry over. 

The 20th century has seen the ap 
plication of the electric motor to drive 
mechanisms of this kind. Apart from 
the addition of a keyboard for setting, 
however, no radically new principle 
has been evolved, except for the so 
called multiplication table of Bollée. 
Because of the complexity of the 
mechanism the Bollée multiplier has 
not found much favor. 

In 1894 the punched card sorting 
machine was invented by Hermann 
Hollerith. A card has twelve rows, 
numbered x, y, 0, 1. . . 9, and can 
represent any required decimal digit 
(or, by double punching, alphabetic 
character). A normal card has 80 col 
umns, although both larger and 
smaller variants exist and are used fot 
special purposes. 

The primary piece of punched card 
equipment is the sorter, which will 
sort cards by rows or columns at rates 
up to 450 per min. The tabulator can 
read the punchings on all 80 columns 
simultaneously and add or substract 
these data into counters built into the 
machine. More complex operations 
can be performed by the tabulator by 
programming several operations for 
each card. The least known punched 
card machine is the collator, which 
can compare several cards fed at the 
same time. 


Difference Machines 


The first machine that involved any 
principle not implicit in the early 
adders and multipliers was suggested 
by Miiller in 1786. By means of dif- 
ferences this machine generated the 
numerical values of functions defined 
by algebraic formulae. Miiller never 
got beyond the stage of discussion, 
and it was left to Babbage, in 1822, to 
design the first difference engine. 

Babbage’s analytical engine was his 
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most ambitious undertaking and was 
to have a memory of 1,000 columns, 
each of 50 counting wheels. ‘This is in 
line with modern ideas on necessary 
capacity and is at the limit of what has 
actually been achieved to date. 

In 1937, 70 years after Babbage, 
IBM and Dr. Howard Aiken started 
the construction of the Harvard 
Mark I, the Automatic Sequence Con 
trolled Calculator. The Mark I con 
tains many of the features envisaged 
by Babbage, but on a less ambitious 
scale. It is an electromechanical com- 
puter operated from punched paper 
tape. It has special function tables 
and a unit for interpolating between 
tabular values. 

The Harvard Mark II is a relay 
computer. Completed in 1947, it 
used 13,000 relays and had a storage 
capacity of 100 numbers, each of ten 
decimal digits. It also uses paper tape 
input, but has eight electric type- 
writers for output and may be split 
into two separate units for independ- 
ent operation or cross-checking. 

The first working electronic com- 
puter was the Eniac, completed in 
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1946. It uses 18,000 tubes. It oper- 
ates in the decimal scale and has 20 
adding registers, each of which can 
hold a ten-digit decimal number. 

Although Edvac was not completed 
until 1952, it was the first machine 
designed to hold its own program of 
operation in its memory. 

The author of this article designed 
and operated the first magnetic drum 
memory in 1947 which has since led 
to several British computers notably 
the Aperc, Apexc and Hec. In the 
U.S., Aiken has continued his work 
and has produced the Mark III and 
the Mark IV, both of which use 
magnetic drum storage. 

Electrostatic storage, which de 
pends upon secondary emission of 
electrons from the screen of a cathode 
ray tube, has been used in some of 
the more recent computers, such as 
Whirlwind I and the Manchester 
Electronic Computer. Now, electro- 
magnetic memories using tiny toroidal 
cores of ferrites have been developed 
(see page 11), and the storage tubes of 
Whirlwind I have now been replaced 
by magnetic core memory. 


‘The author will follow with an ar- 
ticle describing the principles upon 
which the machines operate. 


Medical Instrumentation 


From “Electrical Techniques in 
Medicine,’ by C. N. Smyth, Nuf- 
field Research Assistant, University 
College Hospital Medical School, 
London. ‘‘Transactions of the So 
ciety of Instrument Technology,” 
June 1954, London. 


Electrical methods in’ medicine 
enable clinicians more accurately to 
assess a patient’s condition and his 
response to treatment. 

The principles of electrical science 
that find application in medicine have, 
almost without exception, been known 
for many years, yet instrumentation in 
hospitals is recent. This progress par- 
allels the advance in industrial elec- 
tronics arising from the thermionic 
tube and photoelectric cell, and the 
discoveries in medicine of the elec- 
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trical phenomena that accompany so 
many chemical processes and the tran- 
sient activity of muscle and nerve. 

The extent and importance of the 
subject is shown by a table which lists 
some 100 electromedical instrument 
applications. Some of the subjects 
tabluated are: rheology and elasticity 
of tissues, high-frequency cutting and 
coagulation, anesthetic control, skin 
temperature measurement, ultrasonic- 
echo fluid location, and blood flow 
measurement. 

Ultrasonics can obtain echoes from 
bones and from the first sub-cutaneous 
liquid-air interface. It is possible to 
outline areas of the heart, liver, and 
spleen and to determine liquid pleural 
effusions. 

In the U.S.S.R. Sokolov has built a 
microscope that employs sound waves 
instead of light. At 100 megacycles, 
sound waves have a length in water of 
only .01 mm and they can be focused 
to good definition. He has obtained 
magnifications of 100 times with a 
resolution of .1 mm. 

Blood pressures and the pressure 
waveforms can be measured in abso- 
lute terms by direct-reading electro- 
manometers if the arteries or heart 
are tapped. Doctors do not hesitate 
to do this if the health of the patient 


demands such diagnostic measures, 
but generally the familiar inflatable 
cuff is sufficient. 

Pulse-waveform below the cuff can 
be obtained from a_ pressure trans- 
ducer placed over a superficial artery 
(providing it does not respond to 
extraneous noises or movements) o1 
from a photoelectric measurement of 
the translucency of the web between 
two fingers, which fluctuates with 
pulse pressure. 


Diagnosis by Pressure 


In medical work there is concern 
over pressure values in many parts of 
the body, ranging from the blood 
pressure in great vessels to that in the 
smallest capillary and on to the nega- 
tive values in some veins. In the cellu- 
lar tissues surrounding the blood ves- 
sels, in the cells and between cells, 
pressures vary in health and disease. 
The pressure of the cerebro-spinal 
fluid, surrounding the brain and spinal 
cord, is a delicate indicator of disease 
affecting the nervous system; pressures 
in the stomach, bladder, and rectum 
and in the uterus in pregnancy and 
labor, have their normal and patho 
logical values. 

Above the obvious requirements of 
any transducer, such as simplicity of 








“I guess this beats fiddling around with those 
old relays and feedbacks, huh?” 











use, permanence of calibration, ade 
quate sensitivity, suitability for use 
in any position, low thermal drift and 
negligible temperature coefficient, the 
following special medical demands 
must be met: 


Transducer Requirements 


> 'l'ransducers must be suitable for use 
on a patient to whom other electrical 
apparatus is coupled, and must not 
be the cause of unwanted point earth 
contacts if the surgeon should use 
diathermy. 

> The transducers and any associated 
equipment taken into the operating 
room must comply with the regula 
tions for explosion hazards where 
ether, cyclopropane, or other inflam- 
mable anesthetic vapors are used. 

> The transducers must be repeatedly 
sterilized by heat without change of 
calibration (preferably by _ boiling 
water, as this is most readily available). 
> They must be ready for use without 
a long warm-up period. 

>The calibration must be stable and 
constant between room temperature 
and blood heat. 

> I'ransducers must be easy to clean 
and reassemble. 

> Pressure chambers must be easy to 
fill with air-free water and not react 
with saline or body fluids to produce 
any noxious substance that might af 
fect the patient. 

> They must be suitable for use under 
moist and humid conditions. 

> Similar transducers should be inter 
changeable without recalibration ot 
resetting of the circuitry. 

> Medical conditions are exacting and 
instruments must often be used on 
short notice—for example, while a pa 
ticnt is anesthetized. 


Save With Computers 


An article by Ascher Opler of Dow 
Chemical’s Western Div. answers 
thirty important questions about com- 
puters. “Save Time, Money, With 
Computers” discusses such topics as: 
Shall we buy a computer or rent one? 
What costs are involved? Digital or 
analog? How big a machine? How 
big a staff will be needed, and where 
do we get it? How can computers 
simulate and control processes? What 
is data reduction? A_ worthwhile, 
up-to-date survey of the possibilities 
and limitations of the modern com- 
puter. “Chemical Engineering,” Oc- 
tober 1954, pages 197 to 208. 
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REPLIES (Box No.): Address to office 
NEW YORK: 330 W. 42nd St. (36) 
CHICAGO: 520 N. Michigan Ave. 


SAN FRANCISCO: 68 Post St. 


POSITION WANTED 


AUTOMATIC 


nearest you 


(11) 
(4) 





INSTRUMENTATION, Ph. D. in 

Physcal; instrument development, dir. 
chem, control in pharm, and fine 
wants opportunity to utilize to the fullest 
flair for automatic process controls and instru- 
mentation. Age 42, Salary high but will earn it. 
PW-4500, Control Engineering. 


asst. 


SELLING OPPORTUNITY WANTED 


SALES ENGINEERING Organization 

facturers representatives) available for New 
York, New Jersey, Eastern Penn Equipment 
Specialists with exceptional technical back- 
grounds and sales records in industrial, re- 
search and nuclear equipment instruments and 
specialized components. RA-4597, Control En- 
gineering 


(manu- 


LEGAL NOTICE 


ST ——— ‘NT amen — BY THE ACT OF AUGUST 
AS IENDED BY 1 t ACTS 
"M ARG ‘H 3, 946 (T 
3 , Section 233 
1E —— ° 
M. AN AGEME ND 
CIRCULATION - 

Of Control Engineering published monthly at 
New York for October 1, 1954 

1. The names and addresses of the publisher, and man 
aging editor is: Publisher, McGraw-Hill P ublishing Com 
pany, Inc., 330 West 42nd Street, New Yor k 36, Y 
Managing editor, George A. W. Boehm, 0 West 
: t, New York 36, N. Y. 

2. The owner is: McGraw-Hill Publishing Company, 
Inc., 330 West 42nd Street, New York 36, N. Y¥ Stocl 
holders holding 1% or more of stock: Donald C, McGraw 
and Willard T. Chevalier, Trustees for Harold W. Me 
Graw, Donald C. McGraw and Elizabeth M. Stoltzfus, all 
of ) West 42nd Street, New York 36, N : Donald ‘ 
M aw and Harold W. McGraw, Trustees f« r Catherin 
M. Rock, 330 West 42nd Street, New York : N. Y¥ 
Donald C. MeGraw, Executor of the 
McGraw, 330 West 42nd Street, New 
Donald C. MeGraw, 330 West 42nd Street, 

N. Y.; Mildred W. McGraw, Madison, New Jer 
Ww Mehren, 536 Arenas Street aJolla, 
Touchstone & Company, c/o Wellington Fund, Inc 
mont, Del 

3. The known bondholders, mortgagees, 
rity holders owning or holding 1 pere 
amount of bonds, mortgages, or other 

4. Paragraphs 2 and 3 include, in cases where the stock 
holder or security holder appears upon the books of the 
company as trustee or in any other fiduciary relation, the 
name of the person or corporation for whom such trustee 
is acting; also the statements in the two paragraphs show 
the affiant’s full knowledge and belief as to the circum 
stances and conditions under which stockholders and s« 
curity holders who do not appear upon the books of thi 
company as trustees, hold stock and — in 
pacity other than that of a bona fide ow 

McGRAW-HILL 4 U BLISHING ¢ OMP ANY, 
By J. A. GERARDI, 

Sworn to and subscribed 
September, 1954 
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PROFESSIONAL 
SERVICES 








® Control Sys 





® Patents 


oe ® Research 


= 


tems ® Instrumentation 


: ® Economic Studies 


© Management 
® Design ® Testing 








GEORGE H. BATEMAN 
Engineering Services 


Custom design of electronic devices fcr remote and 


automatic control using magnetic amplifiers, tran 


sistors and vacuum tubes. 


Box 345 Grand Rapids, Michigan 





HANSON-GORRILL-BRIAN 


Specialized Control Systems 
ELECTRICAL - 
HYDRAULIC - MECHANICAL 

Hill Glen Cove, N. Y. 

Glen Cove 4-7300 


INC. 


ELECTRONIC 


One Continental 











ROGER BARRETT BROSS 


Consulting Engineer 
SPECIAL ELECTRIC MOTORS 
ELECTROMAGNETIC COMPONENTS 
Design - Development - Manufacture 
Testing - Application 
25 Curtis Rd OL 


, Natick, Mass 


3-9235 


tox 157 


INTERFERENCE MEASUREMENT 
LABORATORY 
Consulting Development 


Interference Study per Government Specifications 
Shielded Space for Interference Investigation 
Radio Interference Filters 


Research 


907 East 5lst Street 


Ingersoll 


Brooklyn 3, New York 


9-1765 








Consult 
these SPECIALISTS 


Let them save your time by bringing 
their broad experience in their specialty 
to bear on your problems. 





ALBERT WIEBE and ASSOCIATES 
Engineering Consultants 


Inspection Instrumentation for 
Automation 


Improved 
Control 


Quality 
Elimination of Production 
Line Troubles. Product Re-Design for Greater 
Profits. Industrial Specialists in Government Con 
tract Specification Performance Requirements. 


550 Fifth Avenue, New York 36, N. Y 
Phone Plaza 77-3638 Espl. 5-4971 

















0 Z Hand 
=& TACHOGRAPH 
Draws Graphic Speed Charts 
RPM, FPM—-FLUCTUATIONS 
30-48000—Accuracy 0.5% 
Write for Circulars 
0. ZERNICKOW CO. 


Park Row Bidg. New York 38, N. Y. 














MAY WE HAVE YOUR ATTENTION? 


The “CONTROL TRANSMITTER” se 
buying and selling used and surplus 
control systems. 


rves as an active market place for 


new elements and components of 


It will be consulted regularly by prospective buyers 


of such equipment offered by individual plants or dealers. 


If you have used or surplus new elements and components of control 


systems lying around idle in your p 


lant, you can help other readers 


of the “CONTROL TRANSMITTER” who need such equipment by 


bringing it to their attention. 


Make the reading of “CONTROL TRANSMITTER” a monthly habit. 


You may find bargains in hard-to-ge 
advertising in this section. 


t components through the dealers 
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CONTROL TRANSMITTER 


Engineers 


Your Move 


The men we seek are experts in their specialized fields, 
capable of filling responsible engineering positions 
with MELPAR, a leader in research and development. 
Perhaps one of these men may be you. We invite you 
to learn about our long-range military and industrial 
programs. 

If you are experienced in one or more of the fields 
listed below, write us about yourself and let us tell 
you during a personal interview about our past rec- 


ord of success and how you can successfully fit into 
our future plans. 


Network Theory Microwave Filters 

Microwave Techniques Flight Simulators 

UHF, VHF or SHF Receivers Subminiaturization Techniques 

Digital Computers Electro-Mechanical Design 

Magnetic Tape Handling Equipment Packaging Electronic Equipmt. 
@ Radar and Countermeasures Photographic Eqpt. Design 


Technical Personnel Representative 


+ 
melpar, inc. 
A Subsidiary of the Westinghouse Air Brake Co. 
452 Swann Ave., Dept. CE-4, Alexandria, Virginia 
or 11 Galen St., Watertown, Mass. 








ENGINEERS 
The APPLIED PHYSICS LABORATORY OF THE 
JOHNS HOPKINS UNIVERSITY offers an ex- 
ceptional opportunity for professional advance- 
ment in a well-established laboratory with a 
reputation for the encouragement of individual 


responsibility and self-direction. Our program 
of 


GUIDED MISSILE 
DEVELOPMENT 


provides such an opportunity for men 
qualified in: 
ELECTRONIC CIRCUIT DESIGN AND 
ANALYSIS 


DEVELOPMENT AND APPLICATION OF 
TRANSISTOR CIRCUITRY 


SERVOMECHANISMS AND CONTROL 
SYSTEM ANALYSIS 


ELECTRONIC EQUIPMENT PACKAGING 
INSTRUMENT DESIGN 

MISSILE SYSTEMS DEVELOPMENT 
FLIGHT TESTING 


Please send your resume to 
Glover B. Mayfield 


APPLIED PHYSICS LABORATORY 


THE JOHNS HOPKINS UNIVERSITY 
8621 Georgia Avenue 
Silver Spring, Maryland 











RCA’s continuous electronic 
research and development provide 
‘immediate openings in its Analog 
RCA - and Digital Computer Fields 
- for EE’s, ME’s and Mathematicians 
COMPUTER - witha minimum of 3 years’ 
: applicable experience. Openings 
ENGINEER ' in several fields with special 
- emphasis on Computer circuitry. 


the 


These positions offer a challenge to the skills and abilities of 
qualified Engineers. Openings are in the Greater Phila- 
delphia area. 


INPUT-OUTPUT DEVICES 
VIDEO PULSE TECHNIQUES 
- MAGNETIC RECORDING 
There are several opportunities in: |: HIGH SPEED MEMORY 
: FEED BACK AMPLIFIERS 
CODING AND DECODING 
RELAY CONTROL 


Send a complete resume of your education and experience to: 


Mr. John R. Weld, Employment Manager 
Dept. B-507L, Radio Corporation of America 
Camden 2, New Jersey 


» RADIO CORPORATION OF AMERICA 


D.C. RELAYS* 


CR2792B116A3 
SPST—50 Amp Contacts. Operates 
from 22-30 VDC. Coil Res. 200 
Ohms. Completely enclosed in —. 
parent plastic case, which may 
removed for adjustments $1. 59 


GE #CR2791B116W3 


Same as above, except additional terminal brought 
out from contact arm... $1 74 


GE #CR2791-F100D3 . 
Differential: DPST, Norm. open. = OB 
Dual coil, 1500 ohms per coil — 25 
Ma. eer Gewent. Contacts: 


20 Amp maperpreers 
GE+CR2791F100G3 


Same as above, except has extra 
1A contact. Rated 5 Amp..... $2.35 


GE+CR2791-D101F3 


All Ceramic Insulation, DPOT, 
Coil—i2VDC, 100 Ohms DCR. 
Contacts designed for fast opera- 
tion. Rated at 5 Amps... $1.25 











GE #CR2791B106J3 
3PDT, 5 Amp contacts. Coil rated 
22-30VDC. 150 Ohms DCR. Con- 
tacts are designed for fast opera- ! 
tion, — enclosed Banh clear plastic 3 
cover. 


GE #CR2791B106C3 
SPDT, Dual Contacts will handie 20 
Coil: 18-28VDC 125 Ohms 
-+++ $1.25 








*THESE RELAYS AVAILABLE 
IN MERS. Pye 


filed a F.0.B. Bkiyn, N. All orders promptly 
fill Rated concerns send P. ‘0. Shipping Charges 


COMMUNICATIONS EQUIPMENT CO. 


131 Liberty St., New York 7, N. Y. 
Dept C-1 Phone Digby 94124 
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world’s largest stock 


immediate delivery! 


ADJUSTABLE THERMAL TYPE TIME 
DELAY RELAY 

Operates on 115 V.A.C. Continuously ad- 
justable delay from 5 to 20 seconds. ‘4 Inch 
D.P.D.T. 12% amp. contacts. Primarily de- 
signed for use with radio transmitters but 
has wide variety of other applications. 
Catalog No. R 686 Price $6.10 each 





STEPPING UNIT 


Operates on 22 to 30 V.D.C. 12 Position driv- 
ing mechanism operates through 360° in pro- 
gressive steps. Indexes one position for each 
momentary current impulse. Attached wafer 
switch may be used for self interruption. 7 
inch flatted shaft will drive pulley, gear or 
one or more wafer switches. 


Catalog No. R 809 Price $2.45 each 


SOLENOID OPERATED RATCHET STEPPER 


Operates on 6 V.D.C. Operates three 12 posi- 
tion wafer switches. Most standard wafers 
are interchangeable with those supplied. 
Rotates 30° with each impulse. 


Catalog No. R709 Price $3.90 each 


- HUNDREDS OF RELAY TYPES IN STOCK 


Standard Telephone Differential and 
Relays Polarized Relays 
Short Telephone Special Relays 
Relays BK-Series 
Midget Relays Antenna and 
Timers Ceramic Relays 
Aivcratt Contactors —_ and Control 
Rotary Relays a ij 
Western Electric Relay Assemblies 
Type “E’’ Relays Latching and Inter- 
Keying Relays locking Relays 
. Mechanical Action 
Hermetically 


Relays 
Sealed Relays Ratchet and Stepping 
Voltage Regulators 


Relays 
and Cutouts 


All relays are new, individually inspected and 
unconditionally guaranteed. They are first line 
products of leading manufacturers, Special 
attention given to orders of one or more re- 
lays. 24 Hour delivery. 

Write for new catalog. 

Phone, write or wire your requirements. 


elity AUstin 7-0709 


les 4727 W. Madison St. 


Chicago 44, Ill. 
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He could tell you the inside story of some of the most 
advanced electronics and electromechanical developments in 
the aircraft industry today—and of the top team of engineers 
behind those developments. 

Most of the story is under wraps, but you should know this: 

Martin’s creative engineering resources and production 
facilities in these fields are among the finest in the new world 
of weapons systems development. 

One of the reasons is basic to leadership in any organiza- 


tion... there is always an opening for outstanding ability. 


Write to J. M. Hollyday, Box C-3, The Glenn L. Martin 


Company. 


MVEA FET 8 a 


BALTIMORE: MARYLAND 
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YOUR 
CALLING CARD FOR 
A BRILLIANT FUTURE... 


Bendix Missile Section is a major contractor in the U.S. Navy’s guided 
missile program --a part of the “new look” in our defense plan. Our 
expanding program has many opportunities for senior engineering 
personnel: Electronics Engineers, Dynamicists, Servo- Analysts, Stress 
Analysts, Project Coordinators, and Designers. Take time now to look 


into the opportunities which Bendix can offer you. Write Employment 
Dept. M, 401 Bendix Drive, South Bend, Indiana. 


CAREER BUILDING THROUGH RESEARCH 


The Cook Research Laboratories, one of the Nation's most progressive 
research and development laboratories, has openings for qualified 
engineers and physicists at both Senior and Junior levels. 


A Growing Company 
Outstanding Personnel 
High Starting Salaries 

Excellent Working Conditions 


There are immediate openings in the following fields: 


Hydraulic Engineers (M.E.) 
Project Level 
Computer Design 
(Digital) 
Servomechanisms 
Contact 
MR. D. M. HALLIDAY 


COOK RESEARCH LABORATORIES 


8100 Monticello Avenue Skokie, Illinois 
KE 9-2060 
A Division of 
Cook Electric Company 
Chicago 


Electrical and Mechanical Engineering and Manufacturing 
Since 1897 








UNIVERSITY of MICHIGAN 


ENGINEERS and 
SCIENTISTS 


Unusual opportunities for out- 
standing and experienced men are 
available at the University of 
Michigan's Willow Run Research 
Center. Research Engineers and 
Physicists with advanced degrees 
and/or experience in the fields of: 


DIGITAL COMPUTER LOGICAL DE- 
SIGN @ INFRARED ACOUSTICS ®@ 
DIGITAL COMPUTER PROGRAMMING 
ELECTROMAGNETIC THEORY @ COM- 
MUNICATIONS CIRCUIT DESIGN ®@ 
COMPONENT DEVELOPMENT RADAR 
@ OPTICS ENGINEERING @® SYSTEMS 
DESIGN 


Salary commensurate with training and 
experience. Excellent working condi- 
tions. Liberal vacation policy along 
with other fringe benefits. Unusual 
opportunity to carry on University 
graduate studies while working full 
time. Moving expenses paid. U. S. 
Citizenship required. 


Write, giving details of education 
and experience, to 
W. N. MacDonald, Personnel Office 
University of Michigan 
Willow Run Research Center, 
Ypsilanti, Michigan 








ENGINEERS 


Our progressive engineering groups have helped 
make us ‘‘First in Controls’’ in the field of indus- 
trial instrumentation and control. We would like 
to add additional experienced engineering talent to 
our present technical force. A degree in Engineering 
—Electrical, Mechanical or Physics and some re- 
lated experience are the basic requirements. 


We think we have a fine organization with real op- 
portunities. But, why not find out for yourself. 
Send a resume of your education, experience and 
interests to: 


D. P. WHITELEY 
Engineering Placement 


Brown Instruments Division 
Minneapolis-Honeywell 
Regulator Co. 
Philadelphia 44, Pa. 














Your Inquiries to 
Advertisers Will 
Have Special Value 


—for you—the advertiser—and the 
publisher, if you mention this pub- 
lication. Advertisers value highly 
this evidence of the publication you 
read. Satisfied advertisers enable the 
publisher to secure more advertisers 
and—more advertisers mean more 
information or more products or bet- 
ter service—more value—to YOU. 
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“Condi 


SENIOR 
ELECTRICAL ENGINEER 


Five to ten years’ experience in 
the electrical engineering field 
required. Experience to have been 
gained in the area of controls, 
servo-mechanisms, magnetic am- 
plifiers or electronics. A degree 
in electrical engineering neces- 
sary. 


The activity will consist in lead- 
ing a group of junior and inter- 
mediate engineers in the design 
and development of controls in- 
volving magnetic amplifiers, tran- 
sistors and other electro-mechani- 
cal devices; design, testing and 
fabricating into systems for turbo- 
jet, ram-jet engine controls and 
other developmental propulsion 
systems. To propose and develop 
new control systems. 


COMPUTER ENGINEER 


Requiring an engineering degree 
plus a minimum of three years of 
computer activity. 


Must be capable of handling pro- 
gramming in the simulation and 
study of jet and reciprocating en- 
gine fuel systems, and aircraft 
shock strut and brake systems. 
Problems involved would be linear 
and non-linear in nature and ap- 
plied to product design as well as 
research into basic phenomena. 
No maintenance ability necessary. 


The salary of both positions will 
be commensurate with ability and 
experience. 


Send resume to 


Technical Employment Department 


BENDIX PRODUCTS DIVISION OF 
BENDIX AVIATION CORPORATION 


401 Bendix Drive 
South Bend 20, Indiana 
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2 MILLION DOLLAR INVENTORY 
OF SENSITROLS AND STEPPERS! 


WESTON 
TYPE 705 
SENSITROL 


Operation is as follows: 

The Stationary contact is a 

small powerful permanent 

magnet and movable contact 

is iron ‘‘rider’’ mounted on 

pointer which travels over 

relay scale. Operating tor- 

que moves pointer into mag- 

netic field of stationary con- 

tact. This contact then 

draws movable contact and holds it firmly. Pertect 

contact is assured and chattering is eliminated. Con- 

tacts remain closed until reset. Accuracy in general 

may be considored as within 5% of the range. Oper 

ates directly from a photocell or a group of thermo- 
couples. Net weight 14 oz 


Weston Model 705 Type 6 


Double contact with Solenoid Reset 

Sensitivity 7.5 Microamps 

Reset coil 6-24 DC or 24 VAC 

Makes contact 
values 

Contacts 
110 volts 

Nickel plated, Brass cover; 7K560 


10 for $170.00 


ym increasing or decreasing 


“Twintacts Capacity 100 ma at 


$18.75 


Weston Model 705 Type 6 


Same as 2#KR560 but with glass face; 
#R561. ‘ rr $19.75 
10 for $180.00 


Weston Model 705 Type 4 


Single contact (Normally 
Reset 
Sensitivity: 10 M 
Reset coil: 6-24 V DC or 24 V.z 
Contact: “‘Twintacts’’, 
110 volts 
Glass Face: #K523.... 
10 for $160.00 
Production Quantities Available ... 
Call Us for Prices 


Open) Solenoid 


croamperes 


STEPPING SWITCHES 


STEPPING 
SWITCH SS5: 


by West n 
u 
Electric Sales 
Minor Switch 
10 steps and off 
Single Level 
ontacts Gold 
plated brass 
Bridging Wiper 
Operating Voltage 6.0 to 12 DC 
Resistance 
Coil 6 ohn 
‘oil 9 ohm 
L lb; =R960 
10 for $100.00 


STEPPING SWITCH SS6: 
Western 
Sales 
levels; Bridging Wipers 

Contacts: Gold plated brass 
Operating Voltage: 5.5 to 12 V. D 
Coil Resistance: 4.0 ohm 
Interrupter Switch 


Mfg by 
Electric 


22 step; 5 


Electric Co., 


1 Break-Make 
Net Weight lb. 2 oz. R926 
10 for $120.00 


STEPPING SWITCH SS7: 

Mfg by Western 

Electric Sales 
44 step; 2 levels; Bridging Wipers 
Contacts: Gold plated brass 
Operating Voltage: 5 to12 V. D 
Coil Resistance: 4.4 ohn 

srrupter Switch: 1 Break-Make 
Net Weight: 1 Ib. 14 02; #R927 


10 for $120.00 


Electric Co Automat 


Orders Under 





ALLIED 


AN13D33; 


ohm; R436 


BOYDS5; 
FRS22 


#R211.... 
BOGALI5; 
#RE92 ... 
BO6D26; 
SMO 00> 
BO6D?29; 
#R841 .. 
BO6D31; 
R476... 
BO6D32; 
R483. 
BO6D35; 
R491 
BO6D410; 
R853 
BO6D4A2; 
#RS865. 
BO13D26; 
BO15D26; 
R513 ° 
BOL3D29; 
TRIO ‘_ 
BO1U5D29; 
SREB .. 
BO18D31; 
#R4A67 


LAYS 


ao | 


24VDC; SPST(IA); 75 Amp, 1/5 


2.95 
ohm; 


3.00 


24V 1K 3PDT(3C) "230 
55 ' 


115 


“DPDT; 


DPDT; 37.0 


BOLSD31;— 


#R472... 
BOL3D32; 
RATE ° 
BO15D3?2; 
HR480.... 
BO13D35; 
R485 
BO15D35; 
FR238 
BO13D40; 
R843 
BOLD410; 
ZRS50. 
BOUD42; 
R862 
PO9D34; 
R867 
PO9D28; 
73 


2; 129 
+R&T2 


BJGAII5; 115VA 


BJ6D36 ; 


#R420 . 


24VD 


sulation; 
AND MA 
METICAL 


*1A=SPST, orma 


mally close 
1C(H)=Do 


TERMS:—Al 


Net 10 Days: 


ic(H) 5000 ohm; 
3.50 
ohm; 
3.00 
ohm; 
3.00 
ohm 
4.35 
ohm, 
1.50 
ohm; 
1.00 
000 ohm; 
5.00 
2.00 
ohm; 
1.50 
240 ohm; 


PDT(3C); 230 

PDT(3C); 14.2 
6PDT(6C); 1 

SPST (IA) 
SPST(IA) 

IX ma; SPDT(1A) 


DPDT(2C) 
iVD DPDT (2 


> R&S66 


VIM SPST(1H); 
ne ae : 5 1.25 
satching) 6VDC; 4PDT 
oil; Dust Cover; 11 pin 
5 6.95 
300 ohm; 

1.25 

2.00 

ohm; 
. . ms 
4500 ohn 
2. 


"#R870.. 


100 ohm; 
SPST(1A); 
DPDT(2C) 1; 

- 25 


00 


t{PDT(4C) 


SPDT(iC) 


24VIK 
24VIK 


1C(H) o i- 
(614 ° 17.50 
ITHER, INCLUDING HER.- 
s EALED, TYPES 
lly open 1B=SPS8T, nor- 
da; 1C=SPDT; 1H=double make; 
ible make and break 


| Prices F.0.B. Our Plant. Rated Firms 


All Others Remittance with Order. 





(overage will 


| be returned.) 


I— 





Computer 
Techniques 


Applied to 


tea, | Electronic Business Systems 
development 


and | Military Radar Fire Control Systems 
rm | Aircraft Control and Navigation Systems 


The successful application of Hughes 
airborne digital computers to high speed aircraft 
fire control problems has opened up an 
entire new area for these digital computer techniques. 
Similar equipment is now under development 
in the Advanced Electronics Laboratory 
to apply such digital computer systems to modern 
business information handling. 


| 

! LOGICAL DESIGN 
COMPONENT DEVELOPMENT 
PROGRAMMING 

MAGNETIC RECORDING 
CIRCUIT DESIGN 

INPUT & OUTPUT DEVICES 
SYSTEMS ANALYSIS 


Areas include 


Hughes developments in these fields are 
creating new positions in the Advanced Electronics 
Laboratory. Exceptional men in the 
following spheres of endeavor are invited to apply: 


+Engineers and Physicists 


Computer activities embrace systems planning 
and analysis, design and development, system engineering 
and component development. Experience in these 
areas, as well as in application of electronic digital computers, 
is desirable but not essential. Analytically inclined men 
with backgrounds in systems work are required for this phase. 


Hughes 


RESEARCH AND DEVELOPMENT LABORATORIES 


Scientific 
and 
Engineering 


Staff Culver City, Los Angeles County, California 


Assurance is required that relocation of the applicant 
will not cause disruption of an urgent military project 
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ACCURATE PRECISION MULTITURN POTENTIOMETERS 


e Integrated with system aspects of precision com- 
puters, servomechanisms and electro-mechanical 
instrumentation. 

e Extremely precise mechanical tolerances, shaft 
diameter, concentricity and perpendicularity as- 
sure complete transfer of potentiometer accuracy 
to external systems. 

e Universal mounting surface offers choice of servo- 
mount or precision pilot and tapped holes. 


TYPE MI10T Precision Multiturn 
Potentiometers featuring .025 %, Linearity 

SM10T Resistance elements are wound by a unique 
method which provides 100% production 
TYPE SMIOT Slide Wire Precision yields with extremely close linearity toler- 

Multiturn Potentiometer with ances, and thus low production cost. 
INFINITE RESOLUTION Winding may be corrected for specified 
.05 % Linearity resistive loads of at least ten times the 


Slide wire construction of resistance element firmly potentiometer total resistance. 


bonded to supporting drum. 
Essentially zero end resistance. 


ELECTRICAL SPECIFICATIONS 
Res. Range: 0-1000 ohms + 5% Res.Range: 1,000 ohms to 10,000 ohms + 5% 
Ind. Linearity: + .05% standard Ind. Linearity: +.05%Std.+.025% or better, special. 
SPECIFICATIONS COMMON TO BOTH TYPES SMIOT AND MIOT 
ELECTRICAL 
Effective Electrical Angle: 3600° + 1°—0° Equivalent Noise Res:100 ohms maximum @ 4 rpm 


Ambient Temperature Range: —55°C to + 80°C Temperature Coeff.of Res. Wire: .00002°/C nominal 


MECHANICAL : 
Base andOne-piece machined alumi- Mechanical Angle between stops 3660 


Bearings: nym base houses spring- Mounting: Universal-type mounting of- Rotation: — 2.2" 
loaded ball bearings in a fers choice of synchro or Stops: Rugged mechanical stops of 
single through bore for rigid, tapped hole mount with two lead screw type withstand 
low-friction shaft support. high-precision pilots. torques exceeding 100 inch 
Finish: Base is red alumilite, corro- Shaft: Centerless ground stainless pounds. 


sion resistant per AN-QQ-A- steel .2500” +.0000-.0003 Dimensions: Diameter 1.820’, Length 
696A. Cover stainless steel. diameter. 2-1/16”. 
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CHECK THESE ADVANTAGES 


@ translates pneumatic and 
electrical signals into dig- 
ital form for automatic 
controlling, computing 
and accounting. 

e reduces instrumentation 
investment—saves space. 
@ increases efficiency with 
quick, accurate reporting. 
® continuous scanning mon- 
itors operating conditions, 
announces and records 
off-norm actions at any 
time. 


e relieves personnel now 
needed for manual log- 
ging, relating and inter- 
preting operating infor- 
mation. 
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You now have immediately available 

packaged data reduction system with great 
versatility for present application or later 
re-application . . . ready to integrate into 
your plant the latest means for computing, 


controlling and accounting. 


The F&P Automatic Logger converts pneu- 
matic and electrical signals into tabulated 
digital records specially designed for your 
needs. Logging occurs at preset intervals— 
but Logger continuously samples essential 
variables and stores information for inter- 
val recording. Thus, flow may be integrated 
continuously and logged as accumulated 
flow or average flow rate. The F&P Logger 


employs analog computer techniques to 
reduce data to suitable form before digital 
presentation. 


The F&P Automatic Logger tabulates use- 
ful data on automatically typed log sheet 
and simultaneously stores it on punched 
tape or in other digital form for automatic 
controlling, computing or cost accounting 
without the expenditure of a single man 
hour. 


The F&P Automatic 


now—ready to implement your new auto- 


Logger is available 
mation plans, ready to lower operating 
costs. Write for complete information or 


ac - Ss i ° 
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FISCHER & PORTER CO. 


824 County Line Road, Hatboro, Pa. 


MEASURING, RECORDING AND CONTROLLING INSTRUMENTS - 
CONTRACT INSTRUMENTATION RESEARCH - 


CONTROL PANELS - DATA REDUCTION SYSTEMS 
CHLORINATION EQUIPMENT + GLASS SPECIALTIES 





